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P  E  E  F  A  C  E. 


The  following  pages  are  an  instalment  of  tlie  Second  Edition 
of  the  Author's  "Manual  of  Practical  ChemistrTj" — the  First 
Part  of  the  New  Edition  being  now  issued  separately  under 
the  title  of  "Foods:  their  Composition  and  Analysis,^'  and  the 
Second  Part  under  that  of  "  Poisons :  their  Effects  and  Detection^ 
The  reasons  for  the  alteration  of  the  title  are  sufficiently  ob- 
vious :  the  present  appellation  is  distinctive,  rendering  impos- 
sible any  confusion  between  this  Manual  and  others  (of  a  widely 
different  scope  and  manner  of  treatment)  which  might  come 
equally  under  the  designation,  "  Practical  Chemistry." 

The  present  Volume,  however,  is  not  a  mere  reprint  of  the 
Division,  "Foods"  in  the  First  Edition.  It  has  been  thoroughly 
revised  and  re- written,  where  necessary,  and  enlarged  by  the 
addition  of  new  matter  to  more  than  double  the  number  of 
pages  allotted  to  the  subject  in  the  original  work. 

The  Historical  Introduction  prefixed  is  the  result  of  consider- 
able labour  and  research,  and,  it  is  hoped,  will  be  found — 
together  with  the  review  of  English  Legislation,  Past  and 
Present,  relative  to  Adulteration — not  without  interest.  As 
in  the  First  Edition,  abstracts  of  a  few  legal  cases  are  given 
at  the  end  of  the  chief  Articles.  These  liave  been  carefully 
selected,  as  illustrative  either  of  ingenious  defence,  or  of  certain 
points  in  the  Adulteration  Acts.  It  has  often  been  remarked 
that  private  individuals  rarely  avail  themselves  of  the  "  Sale 
of  Pood  and  Drugs  "  Act.  This,  probably,  is  due  to  insufficient 
acquaintance  with  the  technical  details  of  tlio  mode  of  pi'oce- 
dure,  and  the  Author  has,  therefore,  been  careful  to  explain  the 
"  Purchase "  sections  fully  in  their  relations  both  to  the  official 
Inspector  and  to  the  private  purcliasor.  In  the  Appendix  will 
be  found  the  Text,  entire,  of  the  English  laws  at  present  in 

b 


vi 


PREFACE:^  i 


operation,  as  well  as  tlie.best  and  most  reoeut  of  the  American 
Acts  relating  to  the  Adulteration  of  Food. 

In  the  Scientific  Portion  of  the  work,  the  professional  Chemist 
will  find  details  of  most  of  the  processes  of  any  value  in  Food  ' 
Analysis  hitherto  published,  and  in  all  cases  (either  by  the  aid 
of  Footnotes,  or  in  the  Bibliography  appended  to  each  Article) 
the  original  source  of  the  information  is  indicated.  In  addition, 
ai'e  given  a  large  number  of  Processes,  either  invented  or  im- 
proved by  the  Author,  and  not  previously  published — such,  e.f/., 
as  those  described  in  the  "Articles  on  Milk,  Butter,  Tea,  Flour, 
Water,  &c. 

Numerous  Tables,  some  of  which  are  indispensable  and  others 
convenient,  have  also  been  added  ;  and  new  Illustrations,  from 
original  drawings,  introduced. 

The  Article  on  Milk — a  special  feature  of  the  First  Edition — 
is  still  further  enlarged,  and  contains  the  Author's  most  recent 
researches  on  the  subject.  It  may,  perhaps,  be  considered  a 
fairly  complete  Monograph.  In  the  Ai-ticle  on  Water  (added  by 
request)  the  ajiplication  of  an  improved  process  for  combustion 
in  a  vacuum  is  detailed,  and  the  importance  of  Biological 
methods  of  examination  is  insisted  upon — not  as  supplementar}' 
to  Chemical  tests,  but  as  of  equal  (if  not  of  superior)  value  to 
these. 

Though  the  scope  of  the  Manual  is  mainly  that  of  a  Labora- 
tory Handbook,  yet  the  dietetic  and  medical  aspects  of  the  more 
important  Foods  are,  where  necessary,  fully  considered,  and  the 
Author  believes  that  a  great  proportion  of  the  work  is  thus  of 
that  general  interest  which  Avill  render  it  useful  to  those  who, 
Avithout  much  chemical  knowledge,  yet  desire  to  have,  in  a  form 
admitting  of  easy  reference,  the  latest  information  relative  to 
Foods  and  Beverages. 

In  conclusion,  lie  can  only  express  a  hope  that  the  work,  in 
its  new  shape,  will  be  found  widely  useful,  and  more  worthy 
of  the  very  kind  reception  accorded  to  the  First  Edition. 


CouiiT  ]loi;sE,  St.  MARVLEnoxi;, 
.■l/ici7,  1882. 
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Page  172  (Bibliography) — For  Dupre,  A.,  Chem.  News,  read 
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read  100        +25  g  _  y  _ 
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PART  l.-HISTORY  OF  ADULTERATION. 


I.— EARLY  NOTICES  OF  ADULTERATION, 
ESPECIALLY  IN  ENGLAND. 

§  L  Before  adulteration  commences,  commerce  must  develop. 
In  primitive  states  of  society,  there  may  be  knavish  tricks, 
ignorant  bartering,  substitutions  of  bad  for  good,  falseness  and 
meanness  of  all  kinds,  but  no  systematic  sophistication  is  possible. 
Again,  in  the  semi-pastoral  state  (as  it  existed  in  some  parts  of 
Scotland  a  century  ago),  in  whicli  the  food  of  a  family  is  raised 
from  the  soil  on  which  they  dwell,  and  clothing  produced  from  their 
own  sheep  and  spun  into  textile  garments  at  their  own  fireside, 
commercial  frauds  are  imknown  or  undeveloped. 

There  are  several  notices  of  ancient  sophistications  ))ractised 
by  the  Greek  and  Roman  traders;  but  it  is  from  the  Middle  Ages 
that  the  most  copious  and  interesting  materials  for  a  history  of 
adulteration  are  obtained — a  page  of  history  but  little  explored, 
yet  abounding  with  curious  facts  more  or  less  illustrative  of  the 
manners  of  the  times. 

The  mixing,  or,  rather,  alloying  of  gold  or  silver  with  the 
baser  metals,  may  be  jixstly  considered  of  the  nature  of  adultera- 
tion, and  has  prevailed  contemporaneously  with  the  art  of  coinage. 
The  well-worn  tale  of  the  detection  of  the  base  metal  in  the  crown 
of  Hiero  by  Archimedes,  some  two  and  a  half  centuries  before 
Christ,  may  be  accepted  as  probably  the  earliest  scientific  detec- 
tion of  adulteration.  The  process  used  by  the  philosopher  of 
Syracuse  wlien  discharging  the  duties  of  a  public  analyst,  and  now 
called  specific  gravity,  is  (juantitativo  as  well  as  qualitative,  and, 


4 


FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS. 


thoiigli  purely  physical,  is  used  daily  by  all  engaged  in  practical 
chemistry. 

Vitruvius*  in  his  work  on  architecture  describes  the  adultera- 
tion of  minium  with  lime.  He  also  gives  a  simple  process  for  its 
detection  :  heat  to  redness  on  a  sheet  of  iron  ;  if  pure,  it  will 
blacken,  but  on  cooling  return  to  its  former  hue. 

Dioscorides  alludes  to  the  adulteration  of  "opium  with  gum  and 
with  the  milky  juice  of  glaucium  and  lactuca.  The  test  for  dis- 
tinguishing the  pure  from  the  false  was  primitive  :  the  opium  was 
to  be  burnt ;  if  pure,  the  flame  was  clear  and  brilliant,  but  the 
adulterated  burned  with  difliculty.  The  quality  of  the  opium 
was  also  to  be  judged  by  its  behaviour  when  exjoosed  to  the  rays 
of  the  sun  ;  when  opium  of  good  quality  liquefies,  it  looks  as  if 
it  had  just  come  from  the  plant.f  He  also  specifies  the  adultera- 
tions of  several  drugs  ;  as,  for  example,  the  mixing  of  styrax  resia 
with  styrax  sawdust. 

Pliny,  among  other  mattei's,  alludes  to  the  frauds  practised  by 
bakers ;  for  they  added  to  the  bread  a  white  earth,  soft  to  the 
touch  and  sweet  to  tlie  taste,  which  was  obtained  from  a  hill 
called  "  Leucogee,"  situated  between  Pouzzoles  and  Naples.  It 
has  been  suggested  that  the  white  earth  was  carbonate  of  mag- 
nesia; this  is  doubtful.  J 

He  also  speaks  of  the  adulteration  of  aerugo  (under  which 
name  was  confounded  both  tlie  acetate  and  sulphate  of  copper) 
with  shoemaker's  black  atramentu  sutorium,  and  gives  a  true 
chemical  method  for  its  discovery.  Paper  is  to  be  soaked  in  tlie 
juice  of  galls;  if  the  aerugo  is  pure,  it  will  not  turn  the  paper 
black.  Another  method  was  to  put  the  substance  on  a  sheet  of 
red  hot  iron  ;  if  sulphate  of  iron  had  been  added,  it  became 
covered  with  spots. § 

The  adulteration  of  wine  in  Athens  necessitated  the  appoint- 
ment of  a  special  inspector,  whose  duty  it  was  to  detect  and  stop 
these  practices.  Greek  history  has  handed  down  the  name  of  one 
Canthare,  who  excelled  in  ingenious  mixtures,  and  knew  how 
to  impart  the  flavours  of  age  and  maturity  to  new  wines.  His 
ingenuity  was  such,  that  it  was  commemorated  in  the  proverb: 
"  Ai-titicial  as  Canthare." 

In  Rome,  also,  wine  Avas  much  tampered  with;  even  the  rich, 
according  to  Pliny,  could  not  obtain  the  natural  wines  of  Falerno, 
for  they  were  adulterated  in  tlie  cellars;  and  certain  wines  from 
Gaul  had  an  artificial  colour  given  to  them  by  moans  of  aloes  and 
other  drugs.l| 


*  Vitruvius,  i.  ix.  c.  13.  t  Dioscorides,  iv.  65;  Pliny,  xx.  76. 
X  Pliuy,  xviii.  29.  §  Pliny,  xxxiv.  ||  Op.  cil. 
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§  2.  In  ovtv  own  countiy,  and  in  Europe  generally,  from  the 
eleventh  century  onwards,  the  bakei*s,thebrewers,the  "])epperers," 
and  the  vintners,  were  most  frequently  accused  of  corrupt  jiractices. 
We  must  not,  however,  judge  too  harshly  of  the  tradespeople  of 
that  epoch,  for  morality  was  generally  low,  and  adulteration  an 
innocent  pastime  when  compared  with  the  frequency  and  magni- 
tude of  midday  highroad  robbery  and  midnight  violence. 

In  the  latter  part  of  the  twelfth  century,  that  which  would 
now  be  called  crime  became  the  favourite  amusement  of  the 
])rincipal  citizens,  "  who  would  sally  forth  by  night,  in  bands 
of  a  hundred  or  more,  for  an  attack  iipon  the  houses  of  their 
neighbours.  They  killed  withovit  mercy  every  man  who  came  in 
their  way,  and  vied  with  each  other  in  brutality.  .  .  .  False 
weights,  false  measures,  false  pretences  of  all  kinds  were  the 
instruments  of  commerce  most  generally  in  use.  No  buyer 
would  trust  the  word  of  a  seller,  and  there  was  hardly  any  class 
in  which  a  man  might  not  with  reason  suspect  that  his  neigh- 
bour intended  to  rob  or  even  to  murder  him."* 


ASSIZES  OF  BREAD-BAKERS. 

§  3.  The  sale  of  bread  was  regulated  in  England  as  early  as  the 
fourth  year  of  the  reign  of  John,  by  what  was  called  the  "Assize  of 
Bread,"  the  original  object  of  which  was  to  regulate  the  price  of 
bread  by  limiting  the  profit  of  the  baker  on  each  quarter  of  wheat, 
so  tliat  the  price  of  the  loaf  should  bear  a  certain  proportion  to 
the  price  of  the  quarter  of  wheat.  The  assize  of  John's  reign 
continued  in  force  until  128G,  when  it  was  repealed  by  "  The 
Statute  of  Assize." 

There  were  various  modifications  of  these  assizes,  and  they 
were  finally  abolished  in  1815.  The  "Assize  of  Bread"  in  its 
influence  was  probably  the  exact  reverse  of  what  was  intended. 
On  the  one  hand,  the  development  of  trade  was  restricted  inju- 
diciously ;  and,  on  tlie  other,  the  bakers  often  suffered  unjustly, 
and,  therefore,  had  a  direct  inducement  to  recover  their  losses  by 
nefarious  practices.  Although,  at  the  institution  of  the  assize, 
adulteration  with  foreign  substances  was  not  the  main  object  of 
the  regulations,  yet,  as  time  went  on,  and  the  sins  of  the  bakers, 
both  male  and  female,f  accunudated,  clauses  with  regard  to  the 

*  "A  History  of  Crime."    By  IaiUc  Owon  Pyko. 

+  The  bakers,  as  well  a«  the  brewers,  were  of  both  scxcS. 
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adulteration  of  bread  were  inserted,  and  the  later  ones  may  be 
considered  collectively  as  the  ancient  English  "Sale  of  Food  Act." 
The  assize  of  1582*  contained  the  following  : — "  If  there  be  any 
that  by  false  meanes  nseth  to  sell  meale  :  for  the  first  time  he  shall 
be  grievously  punished,  the  second  tyme  he  shall  lose  his  meale :  the 
III  tyme  he  shall  foreswore  the  towne  and  so  likewyse  the  bakers 
that  otfende.  Also,  bouchers  that  sell  mesell  porke  or  niozen 
flesche  :  for  the  first  time  they  shall  be  grevously  amerced,  for 
the  second  tyme  so  ofiendinge  they  shall  have  the  judgement  of 
the  pillory,  for  the  third  tyme  they  shall  be  comytted  to  prysou 
until  ransomed,  and  the  fourth  tyme  they  shall  forswere  the 
towne,  and  thus  ought  other  transgTOSSors  to  be  punished  as 
cooks,  forestallers,  regrators  of  the  markets  when  the  cookes, 
serve,  I'oste,  bake  or  any  otherwyse  di'esse,  fysche  or  flesche 
iiuwholesome  for  man's  body." 

The  assize  of  1634  had  some  stringent  regiilations  with  regard 
to  musty  meal  : — "  If  there  be  any  manner  of  person  or  pei-sons, 
which  shall,  by  any  false  wayes  or  meanes,  sell  any  meale  unto 
the  kinge's  subjects,  either  by  mixing  it  deceitfully  or  [sell  any] 
musty  and  corrupted  meal,  which  may  be  to  the  hui'te  and  infec- 
tion of  man's  body,  or  use  any  false  weight,  or  any  deceitful  wayes 
or  meanes,  and  so  deceive  the  subject,  for  the  first  offence  he 
shall  be  grievously  punished,  the  second  he  shall  lose  his  meale, 
for  the  third  offence  he  shall  suffer  the  judgement  of  the  pillory, 
and  the  fourth  time  he  shall  forswere  the  towne  wherein  he 
dwelleth." 

These  extracts  give  some  idea  of  the  punishments  inflicted  on 
dishonest  bakers  during  the  Middle  Ages  in  England.  First 
oflences  were  often  visited  by  corporal  chastisement  and  exposure 
in  the  pillory  (generally  with  a  rope  and  a  loaf  round  the  neck); 
fourth,  and  even  third,  convictions  were  considered  so  heinous 
that  it  was  thought  better  to  cast  the  man  forth  from  the  city 
to  earn  his  livelihood  elsewhere. 

In  the  curious  paper  entitled  "A  Quip  for  an  Upstart  Courtier,"t 
there  is  a  powerful  and  qi^aint  expostulation  with  the  difierent 
traders: — "And  for  you  goodman  baker, you  that  love  to  be  seen 
in  the  open  market-place  upon  the  pillor}'-,  the  world  cries  out 
on  your  wiliness:  you  crave  but  one  deere  yeare  to  make  your 
daughter  a  gentlewoman.    You  buy  your  coi'ne  at  the  best  hand, 

*  The  title  runs  : — "Here  beginneth  the  boke  named  the  ass3'se  of  bread, 
what  it  ought  to  weye,  after  the  pryce  of  a  quarter  of  wheat,  also  the  assize 
of  ale,  with  all  manner  of  wood  and  cole,  lath,  bolside,  and  tymber,  and  the 
wciglit  of  butter  and  cheese.    Tmprynted,  by  Thomas  Wyatt,  15S2." 

t  The  "Quip  for  an  Upstart  Courtier"  was  wi'itteu  in  1592.  The  original 
is  in  black  letter. 
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and  yet  will  not  be  content  to  make  youi*  bread  weight  by  many 
ounces.  You  jjut  in  yeaste  and  salt  to  make  it  heavie :  and  yet 
iill  your  policie  cannot  make  it.  The  ])oore  crie  out,  the  riche 
Mnd  fault,  and  the  lord  maior  and  the  slieriifs,  like  honourable 
and  worshipful  maiestrates,  every  dale  walk  abroad  and  weigh 
your  bread,  and  yet  all  will  not  ser\'e  to  make  you  honest  men. 
But  were  extremities  used  and  the  statutes  put  in  the  highest 
degree  in  practice,  you  would  have  as  few  eares  on  your  heade  as 
the  col  Iyer."* 

The  manner  of  adulteration  seems  to  have  varied.t  Sometimes 
tie  bread  was  made  altogether  of  "  putrid  and  rotten  materials," 
sometimes  it  was  good  outside  and  bad  within,  and  as  for  the 
addition  of  alum  or  mineral  matters,  such  was  only  detected 
vhen  in  considerable  quantity  and  coarsely  done.  The  more 
artful  mixtures  required  for  their  detection  the  application  of  a 
chemical  science  not  then  possessed.  The  following  may  serve 
as  examples  of  a  few  of  the  earlier  instances: — 

One  "Alan  de  Lyndseye,  baker,  was  sentenced  to  the  pillory 
•because  he  had  been  convicted  of  baking  pain  demayn  that  was 
found  to  be  of  bad  dough  within  and  good  dough  without,  and 
because  such  falsity  redounds  much  to  the  deception  of  the 
people  who  buy  such  bread." 

The  same  baker  seems  a  few  days  afterwards  to  have  been  again 
in  trouble,  for  "Alan  de  Lyndseye,  baker,  and  Thos.  de  Patimere, 
baker,  were  taken  and  brought  before  the  Mayor  and  Aldermen, 
and  sentenced  to  the  pillory  for  selling  bread  made  of  false, 
putrid,  and  rotten  materials,  through  wlaicli  who  bought  bread 
were  deceived,  and  might  be  killed.";}: 

A  similar  fraud  is  recorded  at  perhaps  an.  earlier  date  (a.d. 
1311),  for  "the  bread  taken  from  William  de  Somersete,  baker, 
on  the  Thursday  next  before  the  Feast  of  St.  Lawrence  (Aug. 
10)  in  the  5th  year  of  the  reign  of  King  Edward  was  examined 

and  adjudged  upon  Because  it  was  found  that  such 

bread  was  putrid  and  altogether  rotten,  and  made  of  putrid 
wheat,  so  that  persons  eating  that  bread  would  be  poisoned  and 
choked,  the  Sheriff  was  ordered  to  take  him  and  have  him  here 
on  Friday  next  after  the  Feast  of  St.  Lawrence,  then  to  receive 
judgment  for  the  same."§ 

*  The  sanitary  state  of  the  bakehouses  in  the  fifteenth  and  sixteenth 
centuries  was,  as  a  rule,  bad.  According  to  Mr.  Pyke,  they  appear  to  liave 
been  the  favourite  receptacle  for  dead  bodies  after  a  murder  had  beeu  com- 
mitted.  "  A  History  of  Crime,"  by  Luke  Owen  Pyke,  M.  A.  Vol.  I.,  j).  250. 

t  In  the  reign  of  Edward  I.  it  was  enacted  at  one  of  the  "  Hallniotes," 
that  no  Ijread  should  be  coated  with  bran,  or  so  as  to  be  found  worse  when 
broken  than  it  was  on  the  outside. 

+  "Memorials  of  London,"  by  H.  T.  EUey,  pp.  120,  121.        §  Op.  cit. 
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Mr.  Pyke,  in  his  "  History  of  Crime,"*  speaks  of  loaves  being 
adulterated  in  the  Middle  Ages  by  lumps  of  iron,  probably  refer- 
ring to  the  following  case.  "  On  Wednesday  next  after  the 
Feast  of  St,  Matthew  the  Apostle  (11th  of  Sept.,  a.d.  1387),  m 
the  11th  year,  Richard  Porter,  servant  of  John  Gibbe,  baker,  of 
Stratforde,  was  brought  here  before  Nicholas  Extone,  Mayor  of 
the  said  city,  John  Hafile,  and  other  Aldermen,  and  questioned 
for  that  when  the  same  Mayor  on  that  day  went  into  chepe  to 
make  assay  there  of  bread,  according  to  the  custom  of  the  ci'.y, 
he,  the  said  Robert,  knowing  that  the'  bread  of  his  master  in  a 
certain  cart  there  was  not  of  full  weight,  took  a  penny  loaf,  and 
in  it  falsely  and  fraudulently  inserted  a  piece  of  iron  weighing 
about  6s.  8d.  (4  oz.),  with  intent  to  make  the  said  loaf  weigh 

more  He  was  sentenced  to  the  pillory  with  the  loaf 

and  iron  round  his  neck,  and  the  eanse  of  the  punishment  was 
proclaimed  by  the  Sheriffs."t  But  the  placing  of  a  mass  of  metal 
in  a  loaf  under  the  circumstances  recorded  is  somewhat  diflerent 
from  adulteration,  for  the  man  slipped  in  the  iron  to  avoid  a 
conviction  for  false  weights. 


BREWEES  AND  VINTNERS. 

§  4.  Beer. — The  fraudulent  practices  of  the  early  brewei's  are 
thus  detailed  in  the  Black-letter  Tract  before  mentioned  :  "  And 
you  maister  brewer,  that  growe  to  be  worth  forty  thousand  pounds 
by  selling  of  soden  water,  what  subtilty  have  you  in  making 
your  beere  to  spare  the  malt,  and  put  in  the  more  of  the  hoppe, 
to  make  your  drinke,  be  barley  never  so  cheape,.  not  a  whit  the 
stronger  and  yet  never  sell  a  whit  the  more  measure  for  monev. 
You  can  when  you  have  taken  all  the  harte  of  the  malt  away, 
then  clape  on  store  of  water,  t'is  cheape  enough!  and  mashe  out  a 
turning  of  small  beare,  like  rennish  wine  :  in  your  conscience 
how  many  barrels  draw  you  out  of  a  quarter  of  malt  1  Fie ! 
fie  !  I  conceal  your  falsehood,  least  I  should  be  too  broad  in 
setting  down  your  faults."  Not  only  the  brewer  but  tlie  retailer 
of  the  beer,  was  also  condemned. 

"  Last  to  you  Tom  Tapster,  that  take  your  small  Cannes  of 
beere,  if  you  see  your  guests  begin  to  be  drunke,  halfe  smal  and 
halfe  stronge ;  you  cannot  be  content  to  pinch  with  your  small 
pottes  and  your  ostrie  faggots,  but  have  your  drugges  and  draw 


*  VoL  I.,  p.  237. 


t  Eiley's  "Memorials  of  London,"  p.  493. 
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men  on  to  villany  and  to  bring  customers  to  your  house  where 
you  sell  a  joint  of  meat  for  xii.  pence  that  cost  you  scarce  six, 
and  if  any  chance  to  go  on  the  skore,  you  skore  him  when  he  is 
asleep  and  set  up  a  pot  a  day  more  than  he  hath,  to  find  you 
drinking  pots  with  your  companions.  To  be  short,  thou  art  a 
knave  ! " 

As  eai'ly  as  th-e  reign  of  Edward  the  Confessor,  we  find  it 
recorded  in  Domesday  Bbok  that  in  the  city  of  Chester  a 
knavish  brewer,  "  mtdam  cerevisiamf miens,  in  cathedra  ponehatur 
stercoris" — in  other  words,  the  off'ender  was  taken  round  tlie 
town  in  the  cart  in  which  the  refuse  of  the  place  had  been 
collected,  and  to  this  degi'adation  was  often  added  corporal 
chastisement. 

In  many  towns  in  the  sixteenth  century,  we  find  "ale-tasters," 
whose  duty  it  was  to  inspect  the  beer. 

In  1529,  for  example,  the  Mayor  of  Guildford  ordered  that  the 
brewers  make  a  good  useful  ale,  and  that  they  sell  none  until  it  be 
tasted  by  the  "-ale-taster."  These  officials  had  to  take  the  follow- 
ing oath: — "You  are  chosen  ale-tasters  of  this  town.  You  shall 
well  and  truly  serve  his  Majesty  and  this  town  in  the  same 
office.  You  shall  at  all  times  try,  taste  and  assize  the  beer  and 
ale  to  be  put  to  sale  in  this  liberty,  whether  the  same  be  whole- 
some for  man's  body,  and  present  those  that  off'end,  or  refuse  to 
suffer  you  to  assay  it.  You  shall  give  your  attendance  at  all 
courts,  and  present  from  time  to  time  the  off"enders,  and  all 
things  else  belonging  to  your  office  you  shall  do  and  execute. 
So  help  you  God."  The  ale  was  not  only  tasted,  but  some  of  it 
was  spilt  on  a  wooden  seat,  and  on  the  wet  place  the  taster  sat, 
attired  in  leathern  breeches,  then  common  enough.  If  sugar  had 
been  added  to  the  beer,  the  taster  became  so  adherent,  that 
rising  was  difficult;  but  if  sugar  had  not  been  added,  it  was  then 
considered  that  the  dried  extract  had  no  adhesive  pi-operty.  A 
less  coarse,  but  not  dissimilar,  method  was  also  applied  by  the 
earlier  Inspectors  to  test  the  purity  of  milk. 

§  5.  Wine. — The  frauds  of  the  vintners  or  winesell'ers  attracted 
some  share  of  public  attention  in  the  sixteenth  and  seventeenth 
centuries,  as  shown  by  municipal  record's,  fugitive  tracts  and 
broadsides.  In  August,  1553,  a  certain  Paul  ]3arnardo  brought 
into  the  port  of  London  some  wine,  and  there  is  extant  an  order 
in  council  directing  the  Lord  Mayor  to  find  five  or  six  vintners 
to  rack  and  draw  off  the  said  pipes  of  wine  into  another  vessel, 
and  to  certify  what  drugs  or  ingredients  they  found  in  the  said 
wine  or  cask  to  sophisticate  the  same.*  At  a  later  date  the  records 


*  Ilcmem.hrancia,  vii.  92. 
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of  the  Common  Council  contain  a  certificate  from  the  Lord  Mayor 
to  the  lords  of  the  council  stating,  that  the  wines  of  a  certain 
"  Peter  Van  Payne"  had  been  drawn  off  in  his  presence,  and  that 
in  eight  of  the  pipes  had  been  found  bundles  of  weeds,  in  four 
others  some  quantities  of  sulphur,  in  another  a  piece  of  match, 
and  in  all  of  them  a  kind  of  gravel  mixture  sticking  to  the  casks; 
that  they  were  conceived  to  be  unwholesome  and  of  a  nature 
similar  to  others  formerly  condemned  and  destroyed.*  In  "The 
Search  after  Claret,"  by  Richard  Ames,  a  thin  quarto,  the 
last  leaf  is  occupied  by  the  following  advertisement;  "If  any 
vintner,  wine-cooper,  &c.,  between  Whitechapel  and  Westminster 
Abbey,  have  some  tuns  or  hogsheads  of  old  rich  unadulterated 
claret,  and  will  sell  it  as  the  law  directs  for  sixpence  a  quart, 
this  is  to  give  notice,  that  he  shall  have  more  customers  than 
half  his  profession,  and  his  house  be  as  full  from  morning  to  night 
as  a  conventicle  or  Westminster  Hadl  the  first  day  of  term."t 

Later,  the  vintners  became  more  scientific  in  their  operations. 
Addison  (in  the  Tatler,  No.  131,  1710)  alloided  to  a  certain  fra- 
ternity of  chemical  operators  who  wrought  underground  in  holes, 
caverns,  and  dark  retirements  to  conceal  their  mysteries  from  the 
eyes  and  observations  of  mankind.  "  These  subtle  philosophers 
are  daily  employed  in  the  transmutation  of  liquors,  and  by  the 
power  of  magical  drugs  and  incantations  raise  under  the  streets 
of  London  the  choicest  products  of  the  hills  and  valleys  of 
France  ;  they  squeeze  Bordeaux  out  of  the  sloe,  and  draw  Cham- 
pagne from  an  apple." 


SPICES— DRtCGS. 

§  6.  The  London  pepperers,  or  spicers,  fonmed  a  separate 
guild,  and  were  under  special  oi'dinances.  The  ordinance, 
A.D.  1316,  in  Norman-French,  has  the  following  regulations  : — 
"  No  one  of  the  trade  or  other  person  in  his  name,  for  him 
shall  mix  any  manner  of  wares,  that  is  to  say,  shall  put  old 
things  with  new,  or  new  things  with  old,  by  reason  whereof  the 
good  thing  may  be  impaired  by  the  old,  nor  yet  things  of  one 
price,  or  of  one  sort,  with  other  things  of  another  sort ;  also,  that 
no  man  shall  dub  any  manner  of  wares,  that  is  to  say,  by  putting 
in  a  thing  that  was  in  another  bale,  and  then  dressing  the  bale  up 

*  Remembrancia,  viii.,  12th  July.  1635. 

t  "The  Search  after  Claret,  or  a  Visitation  of  the  Viutners."  A  Poem  iu 
Two  Cantos.    2nd  Ed.,  London,  1G97.  4to. 
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again  in  another  manner  than  the  former  in  which  it  was  first 
bought,  so  as  to  make  the  ends  of  the  bale  contain  better  things 
than  the  remainder  within  the  bale,  by  reason  whereof  the  buyer 
may  be  deceived,  and  so  lose  his  goods.  Also,  that  no  man  shall 
moisten  any  manner  of  merchandise,  such  as  saffron,  alum,  ginger, 
cloves,  and  such  manner  of  things  as  may  admit  of  being 
moistened  ;  that  is  to  say,  by  steeping  the  ginger,  or  turning  the 
saffron  out  of  the  sack  and  then  anointing  it,  or  bathing  it  in 
water  ;  by  reason  whereof  any  manner  of  weight  may,  or  any 
deterioration  arise  to  the  merchandise."* 

In  England  the  trades  of  the  druggist  and  the  grocer  were  com- 
bined. Drugs  and  groceries  were  sold  in  the  same  shop,  and  they 
wei-e  under  the  same  regulations  until  1617,  when  the  apothe- 
caries separated  themselves  from  the  grocers.  Very  soon  after 
they  had  become  a  distinct  body,  they  began  to  complain  of  the 
frauds  and  artifices  of  the  grocers,  from  whom  they  continued  to 
be  supplied  with  many  drugs;  and,  therefore,  established  a  dis- 
pensaiy  for  the  purpose  of  compounding  the  more  important 
preparations  themselves.  In  1540  the  physicians  were  empowered 
to  search,  view,  and  see  the  apothecary-wares  and  stuffs,  and  to 
destroy  such  as  they  found  unfit  for  use.  In  1553  very  exten- 
sive powers  were  conferred  on  the  College  of  Physicians  for  this 
purpose.  "  The  four  censors,  or  any  three  of  them,  shall  have 
authority  to  examine,  survey  or  govern,  correct  and  punish  all 
and  singular  physicians  and  practisers  in  the  faculty  of  physic, 
apothecaries,  druggists,  distillers,  and  sellers  of  waters  and  oils, 
and  preparers  of  chemical  medicines,  according  to  the  nature  of 
his  or  their  offences."  The  great  power  of  the  censors  was  on 
more  than  one  occasion  abused.  In  1724,  for  example,  they 
burnt  the  drugs  of  one  " '6'o0c?t«m,"  the  drugs  not  having  been 
examined,  and  the  history  of  the  whole  affair  showing  that  the 
act  was  merely  a  gratification  of  private  spite.  Goodwin  peti- 
tioned Parliament,  and  ultimately,  it  is  said,  obtained  £000  com- 
pensation. 

The  College  of  Physicians  compiled  the  first  Pharmacopoeia, 
and  published  it  in  1613.  Subsequent  editions  bear  the  date 
of  1G21,  1632,  1650,  &c.  As  may  be  expected,  the  early  editions 
contain  lists  of  very  absurd  and  superstitious  remedies,  and  have 
no  pretensions  to  a  scientific  character.t 

*  Riley's  "Memorials  of  London."  p.  120. 

t  See  "  Historical  Sketch  of  the  History  of  Pharmacy."  By  Jacob  Bell. 
Loncl.,  1861. 
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IT.— ADULTER A.TION  IN  FRANCE. 

§  7.  In  France,  from  very  early  times,  the  general  supervision 
of  provisions,  as  to  purity  and  quality,  and  the  inspection  of 
"weights  and  measures,  were  under  the  "  police  des  commissaires,"* 
and  varioiis  special  statutes  were  enacted  from  time  to  time. 
Thus,  an  ancient  statute  (1292)  of  the  Paris  brewers  forbade  the 
adulteration  of  beer  ;  "  whoever  put  into  beer  baye,  pimento  or 
'  poix  resine'  was  to  be  fined  20  francs,  and  his  h-assi7is  were  to 
be  confiscated,  for  such  things  are  neither  good  nor  loyal  to  put 
in  beer,  for  they  are  bad  for  the  head  and  for  the  body,  for  the 
healthy  and  the  sick."  A  later  statute,  dated  March  16,  1G3G, 
among  various  sanitary  provisions,  forbade  the  use  of  buckwheat, 
"  yvtoye  or  other  bad  matters  under  a  penalty  of  40  Parisian 
pounds."  Judges  were  also  to  examine  the  materials  before  use, 
in  order  to  see  that  there  was  nothing  in  them  impure,  heated, 
mouldy  or  spoiled.  If  such  were  found,  the  materials  were  to  be 
cast  into  the  river. t 

§  8.  Flour  and  Bread. — There  were  various  special  regulations 
as  to  flour  and  bread  ;  by  an  Ordonnance  of  the  Provost  of  Paris, 
October  11,  1382,  the  miller  was  to  grind  the  corn  without 
mixing  it,  to  increase  his  fee,  with  bran,  pease,  beans,  or  anything 
else  save  that  which  had  been  given  him  to  grind. J  Later,  by  a 
decree,  dated  July  13,  1420,  the  bakers  Avere  forbidden  to  be 
millers,  it  being  thought  that  if  they  ground  the  wheat  as  well  as 
made  it  into  bread,  there  would  be  facilities  for  fraudulent  deal- 
ing. The  punishment  of  bakers  for  false  bread — -whether  the 
falseness  were  admixture  of  foreign  substances,  the  use  of 
damaged  flour,  or  simply  light  weight — was  very  similar  to  that  of 
English  bakers,  except  that  it  partook  more  of  the  character  of 
a  religious  penance.    Thus,  in  1525,  a  baker  convicted  of  *'  false 

*  "  La  police  des  commissaires.  .  .  il  est  de  leurs  goi)7s  de  faire  punir  li- 
debit  des  vivres  corrumpus,  allerez,  fahifiez,^  les  faux  ]mids  et  ies/aux  incsurp'!. " 
Trade  de  la  Police  de  la  Mare.    Tom.  i.  liv.  i.  titre  xi.,  chap.  vi. 

f  "  La  police  des  commissaires  visituient  les  marchez,  et  d  estoit  de  leurs 
soins  d^y  procurer  Vahondance  des  vivres  et  des  auti-es  provisions  ne'cessaires  h 
la  suhsistance  des  citoyens,  lis  empechoient  (ju'il  ne  s'y  commist  ancune  fronde, 
soit  en  la  qualili;  oit  ait  jirix,  soit  au  poids  on  en  la  mesure,  ils  estoient  princi- 
palemeni  c/iare/es  de  se  donner  tous  les  soins  a  I'cgard  des(jrains,  dupain,  de  la 
viande,  et  du  vin."     Loc.  cit. 

t  "Qite  md  meusnier  ne  soit  si  os6  ne  si  hardy  .fur  quanque  il  se  peut 
me/dire  envers  le  roy,  en  corps,  et  en  biens,  de  mesler,  vieltrc  ou  faif  mettre  en 
aucune  mauiere  esfarines  des  blez  qu'ils  moudront  aucune  mixtion  on  mcslee, 
pour  rendre  plus  (p-ande  mouture,  comme  de  bran,  d'onje,  de  pois,  de/eves,  on 
autres  clioses  quelcompics,  qui  ne  soit  du  bl6  qui  leursera  bailie."  TraitS  de  la 
Police,  t.  ij.  liv.  v.  titre  ix. 
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broad"  was  condemned  by  the  court  to  be  taken  from  the  Chate- 
let  prison  to  the  cross  before  the  "  Eglise  des  Cavnies,"  and, 
thence  to  tlie  gate  of  Notre  Dame  and  to  other  public  places  in 
Paris,  in  his  shirt,  having  the  head  and  feet  bare,  with  small 
loaves  hung  from  his  neck,  and  holding  a  large  wax  candle 
lighted,  and  in  each  of  the  places  enumerated  he  was  to  make 
"  amende  honorable,"  and  ask  mercy  and  pai-don  of  God,  the  king, 
and  of  justice  for  his  fault.*  False  weights  were  also  often 
punished  by  cor{)oral  punishment.  In  1491  the  case  of  three 
bakers  is  recorded,  who,  having  been  convicted  of  selling  loaves 
"  too  small,"  were  stripped  and  beaten  with  I'ods  through  the 
streets  of  Paris,  and  were  admonished  for  the  future  to  sell  the 
three  kinds  of  bread  ordered  by  the  law,  of  the  weight  and  quality 
they  ought  to  be.f  In  still  later  times,  we  find  the  practice  of 
the  courts  remarkably  severe.  In  1699,  a  baker  named  Pasquiei", 
was  convicted  of  converting  into  bread  bad  and  unwholesome 
flour.  Sacks  filled  with  good  flour  and  others  filled  with  bad, 
had  been  found  on  his  premises,  and  it  was  affirmed  that  he  had 
mixed  the  two  together.  He  was  fined  500  livres,  his  oven  de- 
molished, and  his  shop  closed  for  six  months  with  a  placard  upon 
it  stating  the  crime  and  the  punishment.;}: 

§  9.  Wine. — A  curious  decree  of  the  Provost  of  Paris,  in  1371, 
compelled  the  tavern-keepers  to  permit  any  one  who  purchased 
wine,  whether  to  be  drunk  on  the  premises  or  taken  away,  him- 
self to  see  the  wine  drawn  from  the  cask.  The  penalty  was,  for 
neglect  or  disobedience  to  this  law,  four  Parisian  pounds,  one- 
fourth  of  which  went  to  any  informer. 

An  Ordonnance  of  January  30,  1330,  forbade  the  mixing  of 
two  wines  together ;  no  wine-seller  was  to  give  a  false  name  to  a 
wine,  or  to  give  a  wrong  description  of  its  age  ;  the  penalty  was 
confiscation  of  the  wine  and  a  tine.  Similar  edicts  were  promul-. 
gated  in  1415,  1635,  and  1672.  Still  the  evil  did  not  diminish, 
and  in  1708  two  hundred  inspectors  of  wine  and  drinks  were 
appointed  in  Paris. 

The  "Baillie"  of  Bergheim,  in  1718,  had  condemned  to  a 
month's  imprisonment  one  Andre,  who  had  falsified  his  wine  with 
some  poisonous  plant  (probably  belladonna),  and  his  wife,  who 
liad  sold  the  wine,  to  a  month's  imprisonment,  and  a  fine  of  130 
livres.  This  wine  caused  the  deatli  of  one  person,  and  the  illness 
of  several  who  had  partaken  of  it.  The  sentence  having  been 
annulled  on  the  ajjpeal  of  the  condemned  to  the  Superior  Council 
i)f  Alsace,  Andrcj  and  his  wife  were  ultimately  ordered  to  be  led 

*  Op.  cil.,  tome  ii.  livre  v.  titre  xii. 
t  Op.  cil.,  tome  ii.  livre  v.  titro  xii. 
X  TraiU  de  la  Police,  t.  i.  livre  iv.  titre  iv.,  p.  570. 
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by  two  sergeants  for  one  day  through  the  streets  of  Bergheim, 
carrying  placards  both  before  and  behind,  with  " frelabeurs  de 
vin"  printed  thereon.  They  had  also  to  pay  30  livres  fine, 
"  23oicr  /aire  prier  Dieu  pour  le  repos  de  Vdme  du  defunt,"  and 
the  fine  of  130  livres,  pronounced  by  the  first  judge.  The 
council  promulgated  a  very  severe  decree  directed  against  such 
practices. 

It  Avas  also  forbidden  to  adulterate  wine  with  litharge,  Indian 
wood,  isinglass,  "raisin  de  bois,"  or  other  drugs,  or  mixtures 
capable  of  injuring  the  health  of  those  who  drank  the  wine,  under 
a  penalty  of  500  livres  and  corporal  punishment.  Even  the  pos- 
session of  matters  likely  to  be  used  for  adulteration  was  an 
offence.  So  late  as  1710,  one  Denys  Porcher  and  his  wife  were 
convicted  of  conveying  barrels  of  "vin  de  raisin  de  bois"  into 
Paris.  They  were  fined  30  livres,  the  four  barrels  of  wine  were 
sjiilt  on  the  pavement,  and  the  sentence  placarded  in  Paris  and 
various  places  around. 

§  10.  Butter. — An  Ordonnance"^  of  the  Provost  of  Pai-is,  dated 
November  25,  1396,  forbade  the  colouring  of  butter  with  "  soucy 
flowers,"  other  flowers,  herbs,  or  drugs.  Old  butter,  likewise, 
was  not  to  be  mixed  with  new,  but  the  sale  was  to  be  separate, 
under  penalty  of  confiscation  and  fine. 

The  ancient  laws  of  the  merchant  butter-sellers  and  fruiterers, 
confirmed  in  1412,  reiterated  the  above,  and  also  forbade  the  sale 
of  butter  in  the  same  shop  in  which  fish  was  sold.  The  retail  or 
sale  of  butter  by  spicers,  chandlers,  apothecaries,  and  generally  by 
all  carrying  on  off"ensive  trades,  was  made  illegal.  A  subsequent 
enactment  in  1519  confirmed  this  law. 

§  11.  Drugs. — The  drug-sellers  were  also  under  regulation,  and 
without  doubt  their  practices,  with  regard  to  sophistication,  were 
quite  on  a  par  with  those  of  other  trades.  Gargantua  in  Paris  is 
made  to  visit  the  shops  of  druggists,  hei'balists,  and  apothe- 
caries, where  he  "  diligently  considered  the  fruits,  roots,  leaves, 
gums,  seeds,  the  grease  and  ointment  of  some  foreign  parts,  as 
also  how  they  did  adulterate  them — i.e.,  all  the  said  drugs."t 

In  the  Middle  Ages  the  French  apothecaries  were  at  first 
confounded  and  amalgamated,  as  in  England,  with  the  merchant 
spicers;  but  in  1777  the  two  trades  were  separated,  and  they 
formed  a  definite  body.  In  the  fifteenth  century  the  shops  were 
little  more  than  open  booths,  as  may  be  seen  from  a  miniature 
in  "Ze  Regime  des  Princes,"  a  manuscript  of  the  fifteenth  century, 
preserved  in  the  Arsenal  Library,  Paris. 

Philip  VI.,  as  early  as  1336,  issued  a  regulation  by  which  no 

*  Trailt  de  la  Police,  tome  i.  livre  iv,  titre  ix. 
t  "Rabelais,"'  cxxiv.,  p  53. 
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one  could  be  an  apotheeary  imless  he  was  a  boi-n  or'  naturalised 
Frenchman,  and  a  good  Catholic.  According  to  the  law,  neither 
the  spicers  nor  the  apothecaries  were  permitted  to  employ  in  the 
preparation  of  their  medicines,  drugs,  confections,  conserves,  oils, 
or  syrups,  any  sophisticated  or  exhausted  or  corrupted  drugs, under 
penalty  of  a  fine  of  fifty  livres,  and  the  seizure  and  burning  of 
the  merchandise  thus  adulterated  in  front  of  the  dwelling  in 
which  it  had  been  found. 

Charles  VIII.  released  the  apothecaries  from  some  of  the  strict 
regulations  of  earlier  times,  and  both  he  and  his  successors  were 
the  authors  of  many  edicts  relative  to  the  apothecaiies  and 
spicers ;  besides  which  these  trades  wei'e  regulated  by  local 
enactments  in  different  towns.. 

§  12.  Conseils  de  Salubrite. — In  1802'  the  "Conseil  de  Saluhrite" 
was  established  in  Paris.  It  originally  consisted  of  only  four 
members,  and  took  cognisance  of  adulteration,  epizootics,  un- 
healthy trades,  and  a  little  later  of  the  administration  of  prisons 
and  public  charities.  Afterwards  the  Conseil  had  the  direction, 
generally  speaking,  of  public  hygiene. 

The  Conseil  de  ISalubrite  of  the  Seine  in  its  later  development 
was  composed  of  fifteen  titular  and  six  supplementary  members, 
including  also  several  honorary  members,  with  others,  who,  by 
virtue  of  their  ofiice,  were  members  of  the  committee.  These 
were,  the  Dean,  the  Professors  of  Hygiene,  of  Legal  Medicine,  and 
of  the  Faculty  of  Medicine,  a  Member  of  the  "  Conseil  de  Sante 
des  Armees,'^  the  Director  of  the  School  of  Pharmacy,  the  General 
Secretary  of  the  Prefecture  of  Police,  the  Inspector-General  of 
the  bridges  and  causeways,  besides  engineers,  architects,  and  the 
chiefs  of  the  police  departments.  Most  of  the  proA'inces  followed 
the  example  of  the  capital,  and  established  "  Conseils  de  Salu- 
brite." All  these  boards,  whether  provincial  or  Parisian,  had  one 
essential  feature  in  common — viz.,  that  the  medical,  veterinary, 
and  chemical  professions  were  always  represented  on  them. 
Whatever  expert  a  town  possessed,  would  probably  have  a  voice, 
and  find  a  seat,  in  the  ^'Conseil  de  Salubrite."  From  these  health 
boards,  or  committees,  very  excellent  reports  have  emanated,  and 
they  continue  at  the  present  time  to  do  useful  work. 


III.— ADULTERATION  IN  GERMANY. 

§  13.  If  we  turn  to  the  records  of  Germany,  we  find  that  .all 
th  osc  who  adulterated  foods  or  drinks  in  the  Middle  Ages  were 
punished  severely,  with  painful  and  dishonouring  penalties,  such 
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as  public  exposure  of  the  fraiid  and  whipping  at  the  gate.  The 
earliest  regulations*  related  more  to  the  goodness  of  the  work  and 
the  general  quality  of  the  goods  produced,  than  to  adulteration. 
Every  considerable  trade  was  a  little  corporation,  and  bad  workman- 
ship or  falsity  in  the  goods  offered  was  an  offence  against  the  guild 
itself;  the  member  was  consequently  expelled  or  punished  by  the 
officers  of  the  guild.  For  example,  in  1272  the  two  sworn  masters 
of  the  bakers'  guild  at  Berlin  were  held  responsible  for  seeing 
that  good  bread  was  baked.  The  tailors  of  Berlin  and  the  bakers 
of  Basil  excluded  a  man  for  ever  from  their  respective  guilds,  if 
guilty  of  bad  workmanship  (1333).  The  Berlin  weavei's,  not 
quite  so  severe,  excommunicated  the  offender  against  their  regu- 
lations for  one  year  (1295).  The  false  butcher  at  Augsburg 
(1276)  was  expelled  from  the  city  for  a  month.  In  Nuremberg 
almost  everything  was  regularly  inspected  ;  there  was  a  Bdcker- 
schau,  a  "  Sofranschau"  and  a  "  Schau  "  with  regard  to  brandy, 
drugs,  syrup,  hops,  roses,  tobacco,  iron,  meat,  salt-fish,  honey, 
leather,  and  many  other  things.  It  was  at  a  "  Sofranschau  "  in 
1444,  that  one  Jobst  Fendeker  was  burnt,  together  with  his  false 
saffron,  and  in  the  following  year  two  men  and  a  woman  were 
buried  alive  there  for  the  same  offence.t 

In  all  the  cities  of  Germany  there  were  copious  regulations 
with  regard  to  three  things — bi-ead,  wine,  and  drugs. 

§  14.  Bread. — In  Nuremberg,  in  the  fifteenth  century,  the 
baker  was  not  allowed  to  mix  the  different  kinds  of  corn,  which 
must  be  baked  separately,  lu  Augsburg,  it  would  appear  that  there 
were  no  less  than  six  diffei-ent  kinds  of  bread. :}:  The  punishments 
for  ofiending  bakers  were  various.  In  some  places  the  delinquent 
was  put  in  a  basket  at  the  end  of  a  long  pole  and  ducked  in  a 
muddy  pool,  similar  treatment  to  that  which  in  England  befell 
"  the  Scolds." 

§  1.5.  Wine. — According  to  an  old  Augsburg  chronicle,  it  was 
in  1453  that  the  adultei'ated  wine  of  the  Franks  first  appeared  in 
that  city;  but  there  is  abundant  evidence  to  show  that  wine  had 
been  tampered  with  previously,  and  in  1390,  one  Ludwig  von 
Langenhaus  was  sentenced  to  be  led  out  of  the  city  with  his  hands 

•  A  small  work,  "Der  Kam])f  gcgen  die  Lebcnsmittelfalschung  vou 
AusganiT  des  Mittelalters  zum  Ende  des  18.  Jalirlumderts,  von  L.  Wasser- 
inaun,  Mainz,  187!),"  contains  some  very  intercstmg  particulars  with  regard 
to  the  regulations  in  practice  in  the  Middle  Ages  both  as  to  General 
Hygi&ne  and  the  .Adulteration  of  Food. 

t  Henry  II.  of  l<'rauce  enacted  that  if  safTron  was  adulterated,  the  ofTenders 
should  be  punished  by  corjwi'al  chastisement,  the  drugs  confiscated  and 
burnt. 

t  Maurer,  "  Gescliicbte  der  Stadtverfassung  in  Deutschlaud."  Bd.  III., 
s.  24. 
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bound  and  a  rope  round  his /neck,  because  of  his  practices  in  the 
adulteration  of  wine.  In  1400,  two  wine-sellers  wei-e  branded 
and  otherwise  severely  punished,  and  about  the  same  period  a 
special  law  was  enacted  forbidding  the  sulphuring  of  casks,  the 
colouring  of  wine,  or  the  addition  of  sugar,  honey,  or  other  sweet 
things.  In  the  year  1435,  says  the  old  chronicle,  "were  the 
taverner  Christian  Corper  and  his  wife  put  on  a  cask  in  which  he 
had  sold  false  wine,  and  then  exposed  in  the  pillory.  The  punish- 
ment was  adjudged  because  they  had  roasted  pears,  and  put  them 
into  new  sour  wine,  in  order  to  sweeten  the  wine.  Some  pears 
were  hung  round  their  necks  like  unto  a  Patei'noster."  It  further 
appears  that  they  narrowly  escaped  being  burnt. 

In  1451,  the  city  of  Cologne  made  a  strong  representation  to 
the  governing  body  at  Antwerp  on  the  prevalent  adulterations  of 
wine.  At  Biebrich  on  the  Rhine,  in  1482,  a  falsitier  of  wine  was 
condemned  to  drink  six  quarts  of  his  own  wine.  He  died  from 
the  eifects.*  In  the  fifteenth  century  at  Ulm,  every  tavern-keeper 
had  to  appear  at  stated  times  before  the  sheriff  (Stadtrechnerf) 
and  swear  that  neither  he,  his  wife,  his  children,  nor  any  one  else 
in  his  name,  had  mixed  with  the  wine,  woad  or  extract  of  woad, 
chalk,  mustard  seed,  clay,  " Scharlachh-aut,"  must  of  apples,  lead, 
mercury  or  vitriol;  no  water  might  be  added,  and  the  same  wine 
was  to  be  retailed  as  bought.  The  Stadtrechner  had  also  to  see 
that  no  SOU!',  ropy,  or  otherwise  bad  wine  was  sold.  In  the  same 
town  an  Ordomiance  of  1499  decreed,  that  since  adulteration  was 
most  readily  practised  by  putting  substances  into  the  cask,  no 
cask  was  henceforth  to  be  closed  up  save  by  the  sworn  cooper, 
who,  on  finding  anything  amiss,  was  to  give  information;  penalty 
for  default,  a  guilder. 

In  the  fourteenth  century,  Nuremberg  was  a  great  centre  of 
the  wine  trade;  consequently  in  that  city  there  were  very  many 
regulations  against  adulteration  of  wine,  but  they  were  similar  to 
those  already  mentioned.  At  Frankfort  on  the  Maine,  on  false 
w-ine  being  found,  the  cask  was  placed  on  the  knacker's  cart,  and 
a  red  flag  displayed,  with  the  inscription  "  stmnmer  Wein,"  that  is, 
mnte  or  dumb  wine.  The  jailer  marched  before,  the  rabble  after, 
and  when  they  came  to  the  river  they  broke  the  cask  and  tumbled 
the  stuff'  into  the  stream.;}:    About  the  same  date,  wine  is  said  to 

In  some  jilaces  in  very  early  times,  the  regular  legal  penalty  was  cajiital 
imnis  mient;  for  example,  in  1269,  the  law  of  Ripeu  puuished  the  seller  of 
lalse  honey  and  wax  with  death. 

t  I'erhaps  "Stadtrechner"  might  be  translated  "  Mayor." 
+  Ine  article  for  sale  was  sometimes  merely  forbidden  to  be  sold  :  this  was 
especially  the  case  witli  importations  from  other  countries.    For  example,  at 
<-ologne,  m  1483,  casks  of  butter  imported  from  England,  which  were  found 
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have  been  sophisticated  with  the  following  substances  :  earth, 
eggs,  albumen,  argol,  mustard,  salt,  burnt  salt,  sweet  milk,  brandy, 
almond  milk,  wheat  flour,  clay,  and  several  other  things. 

In  the  early  part  of  the  seventeenth  century,  a  circumstance 
happened  in  Wurtemberg,  which  led  to  some  stringent  regula- 
tions with  regard  to  metallic  contamination  of  wii^e,  A  number 
of  people  having  been  seized  with  colic,  paralysis,  and  other 
symptoms  of  poisoning  by  lead,  it  was  noticed  that  all  those 
attacked  drank  one  particular  species  of  wine  only;  and  on 
investigation  the  epidemic  was  discovered  to  be  due  to  the 
contamination  of  the  wine  by  the  use  of  metallic  fastenings  to 
the  casks.  The  occurrence  is  related  by  Gockelius,*  who  styles 
the  disease  "  WeinkranWieitJ' 

§  16.  Drugs. — Those  who  sold  dmgs,  roots-,  spices,  and  the  like, 
were  strictlj'  supervised,  and.  in  the  reign  of  Frederick  the  Second 
of  Prussia  the  examination  of  drugs  was  made  a  special  calling, 
the  inspectors  being  appointed  by  the  king. 

In  Augsburg,  Frankfort,  and  a  few  other  places,  the  trade  in 
medicine  was  taxed.  By  virtue  of  tliis  tax  tlae  diuvggists  and 
doctors  enjoyed  a  monopoly,  and  medicines  were  forbidden  to  be 
Kold  by  other  trades. 

In  the  seventeenth  century  there  were  committees  of  doctors, 
whose  duty  it  was  to  inspect  the  druggists,,  and  from  the  com- 
mittees— as  in  London,  so  on  the  Continent — originated  the 
])harmacopoeias..  Thus  Fharmacopccia  Antwerpiensis,  1661  ;  J^. 
Utrajectina,  1664;  P..  Amstehdamensis,  IGGS;  Antidotai'ium  Bon- 
onieiise,  1674  ;  Reyia  Chemica  et  Galenica,  Geneva,  1684,  itc.t 


IV.— HISTORY  OF  ENGLISH  LEGISLATION  IN 
REFERENCE  TO  THE  ADULTERATION  OF  FOOD. 

§  17,  The  first  Genei-al  Act  in  this  country  was  tlie  Act  of  1860, 
previous  to  which  date  individual  articles,  such  as  tea,  coll'ee, 
chicory,  beer,  and  wine,  were  legislated  for  by  s])ecial  statutes,  the 

to  contain  a  mixture  of  old  and  new,  were  not  allowed  to  enter  the  market. 
In  like  manner  false  oil  was  excluded  from  the  city. 
*  "  Beschrcibiing  dcr  Weinkrankheit,"  1{)37. 

t  The  d tikes  of  JSaxony  rc<;ulatcd  the  trade  of  druggist  as  early  as  1G07. 
J.  Guillaume  published  Jie<;le7)ieiilt  mit/c  let  mCdcciiin  ct  a]>ol,/nrairef  pour 
la  visile  des  drof/ue.i.  Dijon,  KiOu.  'JMionias  Bartoliu  edited  the  work  of 
Licetti  'Benanci—Dedardlio  fraudum  quae  opud  jj/iavmacojyeos  commil- 
tuiitur.    Frauc.  1007  and  lG71,8vo. 
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object  of  which  was,  for  the  most  part,  to  prevent  the  defraiKling 
of  the  revenue  ;  the  health  of  the  purchaser,  and  the  injury  done 
to  him,  being  somewhat  less  considered,  althougli  not  lost  sight  of. 

§  18.  Bakers — Bread. — An  Act  in  the  reign  of  (j-eoi'ge  IV.  was 
directed  particularly  against  the  use  of  alum.  Bakers,  either 
journeymen  or  masters,  using  alum,  and  convicted  on  their  own 
confession  or  on  the  oath  of  one  or  two  witnesses,  were  to  forfeit 
a  sum  not  exceeding  £20,  and  not  kss  than  X5  ;  if  beyond  the 
envii-ons  of  London,  a  sum  not  exceeding  £10,  nor  less  than  £3. 
If  within  London  or  its  environs,  the  justices  were  allowed  to 
publish  the  names  of  the  offenders.  The  adnltei'ation  of  meal  or 
tiour  was  punishable  by  a  like  penalty,  and  loaves  made  of  any 
other  grain  than  wheat  vrere  to  be  distinguished  by  a  large 
M.  The  possession  on  his  premises  by  a  miller,  baker,  &c.,  of 
any  ingredient  Rdjudged  to  have  been  placed  there  for  the  jiur- 
poses  of  adulteration,  wais  punishable  by  fine. 

An  Act  passed  in  1836  (6  and  7  Will.  IV,,  c.  37)  relative  to 
bread,  may  be  considered  as  a  modern  development  of  the  old 
"  Assize  of  Bread."  It  repealed  the  several  Acts  relating  to 
bread  sold  out  of  the  city  of  London  and  the  liberties  thereof, 
and  beyond  the  weekly  bills  of  mortality  and  ten  miles  from  the 
Boyal  Exchange,  and  provided  other  regulations  for  the  making 
and  sale  of  bread,  and  for  preventiug  the  adulteration  of  meal, 
flour,  and  bread  beyond  the  limits  aforesaid.  This  Act  made  it 
lawful  for  the  bakers  to  make  bread  of  "  wlieaten  Hour,  barley, 
rye,  oats,  buckwheat,  Indian  corn,  pease,  beans,  rice,  or  potatoes, 
or  any  of  them,  and  with  any  common  salt,  pure  water,  eggs, 
milk,  barm,  leaven,  potato  or  other  yeast,  and  mixed  in  such  pro- 
portions as  they  think  ht,  and  with  no  other  ingredient  or  matter 
whatever,"  They  were  also  permitted  to  make  the  bread  any 
weight  or  size  they  chose.  The  bread,  however  (sect.  4),  was  to 
be  sold  by  weight,  and  in  no  other  manner. 

Section  3  provided  that  no  baker  or  other  pej-son  within  the 
limits  prescribed  ..."  shall  use  any  mixture  or  ingredient 
whatever  in  the  making  of  such  bread  other  than,  and  except  as 
hereinbefore  mentioned,  on  any  account  or  under  any  colour  or 
pretence  whatsoever;"  penalty  not  less  than  £5  and  not  more 
th  an  £10.  In  default  of  ])ayment  the  oiiender  could  be  im- 
]n-isoned  for  a  period  of  not  more  than  six  months,  with  or 
without  hard  labour,*  or  unless  the  penalty  was  sooner  paid, 
the  magistrates  could  also  ])ublish  the  ollender's  name,  and 
<lefray  the  expense  of  such  publishing  out  of  the  fines. 

In  the  case  of  Cohe  v.  Janios,  41.  L.  .J.  M.  C.  19,  it  was  held  that  for  a 
conviction  umler  this  section  guilty  knowledge  was  necessary. 
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By  section  9  no  person  is  to  put  into  any  corn,  meal,  or 
flour,  at  the  time  of  grinding,  dressing,  or  manufacturing  any 
ingredient  or  mixture  whatsoever,  not  being  the  real  and  genuine 
produce  of  the  corn  or  grain  ;  nor  is  flour  of  one  sort  or  corn  to 
be  sold  as  flour  of  another  sort.  Penalty  not  less  than  £5  and 
not  more  than  £20. 

Sections  11  and  12  provide  that  bread  made  partially  or 
wholly  of  pease,  beans,  or  potatoes,  or  of  any  other  sort  of  corn 
or  grain  other  than  wheat,  is  to  be  marked  with  a  large  Roman 
M,  under  a  penalty  not  exceeding  10s.  Justices  may  issue  a 
search  warrant  to  enter  a  baker's  premises  at  reasonable  hours, 
and  search  for  adulterated  bread  or  substances  used  for  adul- 
teration. If  such  substances  have  been  found,  the  justices  may 
dispose  of  them  as  they  think  fit.  The  penalty  for  a  first  off'ence 
is  a  fine  not  exceeding  £10  and  not  less  than  £2  ;  for  the 
second  ofi"ence  £5,  and  for  eveiy  subsequent  offence  £10.  In 
default  of  payment,  imprisonment  for  not  more  than  six  calendar 
months.  It  is  also  lawful  for  the  magistrates  to  publish  the 
name  of  the  offender.  The  Act  contains  various  other  pi'ovi- 
sions  with  regard  to  obstructing  search,  off'ences  committed  by 
a  journeyman  or  servant,  the  baking  of  bread  on  the  Lord's 
Day,  &c. 

•  §  19.  Beer  and  Porter. — An  Act,  passed  in  1816,  56  Geo.  III., 
c.  58,  enacted  that  no  "  brewer  of,  or  dealer  in,  or  retailer  of 
beer,"  shall  receive  or  have  in  his  possession,  or  use  or  mix  with 
any  worts  or  beer  any  molasses,  honey,  liquorice,  vitriol,  quassia, 
cocculus  indiae,  grains  of  paradise,  guinea,  pepper  or  opium,  or 
any  article  or  preparation  whatever  for  or  as  a  substitute  for  malt 
or  hops.  If  any  person  contravene  this  provision,  the  officer  of  the 
excise  may  seize  the  worts  and  beer,  together  with  the  casks  con- 
taining the  same." — Penalty  £200.  By  the  same  Act,  druggists 
who  sold  colouring  materials  or  malt  substitutes  to  brewers,  were 
liable  to  a  penalty  of  £500.  An  Act,  7  and  8  Geo.  IV.,  c.  52,  pro- 
vided that  any  brewer,  having  in  possession  or  in  use,  substitutes 
for  malt  or  hops,  or  for  darkening  tlie  colour  of  beer,  was  liable 
to  a  penalty  of  £200,  and  the  ingredients,  beer,  worts,  &c.,  might 
be  seized.  Later  on  by  the  10  and  11  Vic,  c.  5,  brewers  were 
allowed  to  make  for  their  own  use  a  colouring  matter  out  of  sugar.* 
§  20.  Wines.— An  old  statute  (51  Hen.  III.,  st.  6)  forbade  the 
use  of  unwholesome  wine  or  meat.  By  the  statute  12  Charles  II., 
c.  2-5,  any  adulteration  of  wine  was  made  jjunishable,  with  the 
forfeiture  of  £100  if  done  by  the  wholesale  merchant,  and  £40  if 
done  by  the  vintner  or  retail  trader.    Additional  regulations 

*  At  the  present  time,  it  is  not  illegal  to  mix  bitter  beer  with  whole- 
some bitters  other  tliau  hops. 
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were  made  by  I.  William  and  Mary.  All  of  these  Acts,  it  is 
scarcely  necessary  to  say,  ai*e  now  obsolete  and  repealed. 

§  21.  Tea. — An  Act  was  passed  in  1725,  11  Geo.  I.,  c  30,  which 
enacted  that  "  no  dealer  in  tea,  or  manufacturer  or  seller  there- 
of, or  pretending  to  be,  shall  counterfeit  tea,  or  adulterate  tea,  or 
cause  or  procure  the  same  to  be  counterfeited  or  adultei-ated,  or 
shall  either  fabricate  or  manufacture  tea  with  terra  japonica,  or 
with  any  drug  or  drugs  whatsoever,  nor  shall  mix,  or  cause  or 
procure  to  be  mixed  with  tea  any  leaves  other  than  leaves  of  tea, 
or  other  ingredients  whatsoever,  on  pain  of  forfeiting  and  losing 
the  tea  so  counterfeited,  adulterated,  altered,  fabricated,  manu- 
factured, or  mixed,  or  any  other  thing  or  things  whatsoever 
added  thereto,  or  mixed  or  used  therewith,  and  also  the  sum  of 
£100." 

Six  years  afterwards,  1730-31,  a  further  Act  was  passed  [4  Geo. 
II.,  c.  14]  prescribing  a  penalty  for  what  is  termed  in  the  statute 
"sophisticating  tea."  It  recites  "that  several  ill-disposed  persons 
do  frequently  dry,  fabricate,  or  manufacture  very  great  quantities 
of  sloe  leaves,  liquorice  leaves,  and  the  leaves  of  tea  that  have 
been  before  used,  or  the  leaves  of  other  trees,  shrubs,  or  plants  in 
imitation  of  tea,  and  do  likewise  mix,  colour,  stain,  or  dye  such 
leaves,  and  likewise  mix  tea  with  terra  japonica,  sugar,  molasses, 
clay,  logwood,  and  with  other  ingredients,  and  do  sell  and  vend 
the  same  as  true  and  real  tea,  to  the  prejudice  of  the  health  of 
His  Majesty's  subjects,  the  diminution  of  the  revenue,  and  to  the 
ruin  of  the  fair  ti-ader."  The  penalty  under  this  statute  was  £10 
for  every  pound  of  tea  sophisticated. 

The  next  Act  was  passed  in  1776,  17  Geo.  III.,  c.  29.  The 
preamble  asserts  that  great  quantities  of  sloe  leaves  and  the 
leaves  of  the  ash,  elder,  and  other  trees,  shrubs,  and  plants,  were 
manufactured  in  imitation  of  tea,  and  were  then  sold  to  dealers 
in  tea,  who,  after  mixing  the  leaves  with  tea,  sold  it  as  true  and 
real  tea ;  but  as  the  persons  who  fabi-icated  or  manufactured  the 
leaves  were  not  dealers  in  tea,  they  were  not  punishable  by  the 
law  then  in  force.  The  Act,  therefore,  rendered  any  person, 
whether  a  dealer  or  not,  who  fabricated  leaves  in  imitation  of  tea, 
or  who  mixed  tea  with  other  ingredients,  or  who  sold,  exposed 
for  sale,  or  had  in  his  custody  fabricated  or  mixed  teas,  liable  on 
conviction  to  a  penalty  of  £5  for  each  pound  of  such  tea,  or  in 
default  to  imprisonment  for  not  less  than  six  months,  nor  more 
than  twelve.  The  officers  of  the  excise  were  empowered  to  enter 
under  warrant  any  y)romiHes  by  day  or  night  and  seize  the 
leaves,  which,  on  a  further  warrant,  were  to  bo  destroyed. 

§  22.  Coffee. — The  history  of  the  regulations  with  regard  to 
coffee  and  chicory  is  rather  curious,  inasmuch  as  codbe  appears 
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to  Lave  been  adulterated  almost  immediately  after  its  introduc- 
tion, and  legislative  interference  was  soon  necessaiy. 

The  first  Act,  5  Geo.  I.,  c.  11,  1718,  with  regard  to  coftee, 
recited  that  "Whereas  divers  evil-disposed  persons  have  at  the 
time  of,  or  soon  after,  the  roasting  of  coffee  made  use  of  water, 
grease,  butter,  or  such  like  materials,  whereby  the  same  is  i-endered 
unwholesome,  and  gi'eatly  increased  in  weight  to  the  prejudice  of 
His  Majesty's  revenue,  the  health  of  his  subjects,  and  the  loss  of 
all  honest  and  fair  dealers  in  that  commodity,"  and  went  on  to 
enact  that  "  any  person  or  persons  whatsoever,  who  shall  at  the 
roasting  of  any  coffee,  or  before,  or  at  any  time  afterwards,  make 
use  of  water,  grease,  butter,  or  any  other  material  whatsoever, 
which  shall  incr-ease  the  weight,  or  damnify  or  prejudice  the  said 
coffee  in  its  goodness,  he,  she,  or  they  shall  forfeit  the  sum  of 
£20  for  every  such  offence."  This  penalty  was  increased  to  £100 
by  a  subsequent  Act  (12  Geo.  I.,  c.  30)  passed  in  the  year  1724. 

An  Act  passed  in  1803  (43  Geo.  III.,  c.  129),  ordered  that 
"If  any  burnt,  scorched,  or  roasted  peas,  beans,  or  other  grains,  or 
vegetable  substance  or  substances  be  used,  prepared,  or  manu- 
factured for  the  pur^wse  of  being  an  imitation  of,  or  in  any  respect 
to  resemble  coffee  or  cocoa,  or  to  serve  as  a  svibstitute  for  coffee 
or  cocoa,  or  alleged  or  pretended  by  the  possessor  or  vendor 
thereof  so  to  be,  shall  be  made  or  kept  for  sale,  or  shall  be  found 
in  the  custody  or  possession  of  any  dealer  or  dealers  of  cofi'ee  or 
cocoa ;  or  any  burnt,  scorched,  or  roasted  peas,  beans,  &g.,  not 
being  coffee  or  cocoa,  shall  be  called  by  its  preparer  oi-  manu- 
facturer, possessor,  or  vendor  thereof,  by  the  name  of  coffee,  or 
by  the  name  of  American  cocoa,  or  English  or  British  cocoa, 
or  any  other  name  of  cocoa,  the  same  respectively  shall  be  foi"- 
feited,  and  together  with  packages  co'ntainiug  the  same,  shall  or 
may  be  seized  by  the  excise."  The  person  convicted  was  to  be 
lined  £100. 

A  subsequent  Act  (3  Geo.  IV.,  c.  53)  permitted  persons,  not 
dealers  in  coffee,  to  sell  roasted  corn,  peas,  beans,  or  parsnips 
whole,  but  not  ground,  crushed,  or  powdered. 

In  1832,  grocers  were  allowed  by  the  Excise  to  keep  chicory  on 
their  premises,  and  in  1 840  a  Treasury  minute,  dated  August  4, 
1840,  allowed  the  sale  of  coffee  mixed  with  chicory,  a  step  which 
no  doubt  opened  the  way  to  wholesale  adulteration.  This  is 
evident  from  a  meeting  of  those  interested  in  the  coffee  ti-ade, 
held  at  the  London  Tavern,  on  the  10th  of  March,  1851,  in  which 
the  chairman*  explained  that  although  more  of  what  was  called 
coffee  was  now  consumed,  yet  that  there  was  a  less  consumption 
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of  genuine  cofi'ee.  "  We  wish,"  he  continued,  "  to  come  to  tlie 
real  question,  and  we  desire  that  it  should  be  publicly  under- 
stood that  what  is  coffee  be  sold  as  coffee,  and  that  what  is  not 
coffee,  being  a  cheaper  article,  and,  if  you  will,  a  more  nutritious 
article,  and  as  eligible  for  consumption,  be  sold  to  the  consumer 
at  the  price  at  which  it  can  be  afforded."  A  grocer  from  Shore- 
ditch  having  produced  at  the  meeting  a  compound  of  burnt  peas, 
dog-biscuit,  prepared  earth,  and  a  substance  "  which,"  he  said, 
"  I  shall  not  describe,  because  it  is  too  horrid  to  mention,"  went 
on  to  affirm  that  several  tons  of  the  same  material  were  in 
existence,  and  that  it  was  used  as  a  substitute  for  chicory  and  for 
snuff.* 

The  Lancet  also  gave  details  about  the  same  time  of  the  micro- 
scopical examination  of  thirty-four  samples  of  chicory,  nearly 
one-half  of  which  were  mixtures,  the  substances  found  being 
roasted  beans,  burnt  corn,  and  acorns.  It  was  under  the  pro- 
tection of  this  Minute,  that  Messrs.  Duckworth  of  Liverpool  took 
out  a  patent  for  the  compression  of  mixtures  of  chicory  and  coffee 
into  the  shape  of  berries.  Popular  writers  have,  as  usual,  made 
the  most  of  this  patent,  and  the  story  has  been  retailed  with 
additions  from  one  book  to  another  as  a  glarincr  instance  of  whole- 
sale  fraud  ;  but,  although  the  purity  of  the  manufacturers'  inten- 
tions may  be  open  to  doubt,  the  fact  remains  that  they  did 
nothing  against  the  existing  law.  The  patent  does  not  appear  to 
have  been  profitable,  and  but  few  of  the  chicory  berries  were  put 
in  circulation. 

The  subject  of  coffee-adulteration  was  not,  however,  per- 
mitted to  escape  the  attention  of  Parliament,  and  petitions 
from  planters,  growers,  and  others  interested  in  the  sale  or 
production  of  coffee  increased  in  number.  •  In  the  Commons, 
during  the  course  of  a  long  debate  (April  14,  1851),  Mr  T.  Baring 
stated  that  it  could  not  be  denied  that  there  had  been  a  diminu- 
tion since  1847  in  the  consumption  of  coffee  to  the  extent  of  six 
million  pounds,  the  real  cause  of  which  was  the  wholesale 
admixture  of  coffee  with  chicory— this  chicory  of  home  growth. 
In  1840,  at  the  time  ©f  the  issuing  of  the  Treasury-minute  sus- 
pending the  law  as  regarded  that  article,  all  the  chicory  used  in 
the  country  came  from  abroad,  and  as  an  excisable  import  on 
which  duty  was  paid,  but  since  the  issue  of  the  Minute  it  had 
been  cultivated  largely  in  England. 

Similar  statements  were  made  in  the  House  of  Lords  (July  3, 
1851),  on  the  occasion  of  Lord  "Wharncliffe's  presenting  a  peti- 

*  "  Adulteration  of  CofFco.  A  verbatim  report  of  the  proceedings  at  a 
public  meeting  held  at  the  London  Tavern."    London,  185L 
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tion  to  that  House.  In  the  following  year,  under  the  pressure 
of  popular  feeling  on  the  subject,  the  objectionable  Minute  was 
rescinded,  and  anew  Treasury-minute,  dated  July  27, 1852  (which 
was  afterwards  embodied  in  a  subsequent  order  of  the  Inland 
Revenue  Commissioners),  permitted  licensed  dealers  in  coffee  to 
"  keep  and  sell  chicory  and  other  vegetable  substances  prepared 
to  resemble-  coffee,  provided  that  they  be  sold  unmixed  with 
coffee,  in  packages  sealed  or  otherwise  secured,  containing  respec- 
tively not  less  than  two  ounces,  and  having  pasted  thereon  a 
])rinted  label  with  the  name  of  the  seller,  the  exact  weight  and 
true  description  of  the  article  contained  therein,  and  provided 
that  no  such  article  be  kept  in  a  loose  state,  or  otherwise  than  in 
such  packages  as  aforesaid,  in  any  room  entered  for  the  storage 
or  sale  of  coffee."  This  regulation  was,  without  doubt,  irksome 
both  to  ti'aders  and  consumers,  since  every  one  who  desired  his 
coffee  mixed  with  chicory  could  not  buy  the  mixture  prepared, 
but  was  obliged  to  purchase  the  coffee  and  chicory  separately,  and 
compound  it  himself.  Hence,  many  memorials  were  presented 
praying  "  Tliat  the  sale  of  a  mixture  of  coffee  and  chicory  be  not 
interfered  with,  provided  each  package  has  legibly  printed  thereon 
words  plainly  indicating  siich  mixture."  In  consequence  of  these 
representations  this  Minvite  was  also  rescinded*  and  a  new  one 
prepared.  An  oi'der  of  the  Commissioners  of  Inland  Revenue, 
dated  May  13,  1853,t  followed,  requiring  that  on  every  package 
containing  a  mixture  the  words  "  This  is  sold  as  a  mixture  of 
chicory  and  coffee,"  be  printed  in  capital  letters  of  Roman  char- 
acter, of  at  least  one-eighth  of  an  inch  in  height,  on  the  outside 
of  the  packages  or  canisters,  on  the  same  side  of  which  there  was 
to  be  no  other  printing  or  writing.  On  no  other  part  of  the  pack- 
age, further,  was  there  to  be  any  other  writing  save  the  name  and 
address  of  the  seller. 

It  would  be  a  great  error  to  suppose  that  these  minutes  of  the 
Treasury,  and  subsequent  orders  of  the  Revenue  Commissioners, 
had  for  theu-  leading  object  the  prevention  of  adulteration  in  its- 
reference  to  the  health  of  the  subject.  It  will  at  once  be  noticed 
that  they  only  touched  on  "  excisable  articles,"  and  it  was 
entirely  a  fiscal  question.  In  a  word,  had  the  sophistication  been 
of  such  a  nature  as  to  increase  instead  of  diminish  the  revenue, 
the  Treasury  would  have  let  it  pass  without  notice. 

§  23.  The  Select  Committee  of  1855. — The  prelude  to  legislation 
on  adulteration  as  a  whole,  was  the  appointment  of  "  A  Select 
Parliamentary  Committee,"  Avhich  entered  on  its  labours  in  1855. 

*  Pari.  Paper,  No.  165,  Vol.  xcix.,  sess.  1852-53 
t  Pari.  Pai)er,  No.  508,  sess.  1854-55. 
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The  early  appointment  of  this  committee  was,  without  doubt,  due 
to  the  influence  of  the  late  Mr.  Wakley,  the  able  and  courageous 
etlitor  of  the  Lancet.  In  1850  Mr.  Wakley  had  established,  in 
connection  with  his  powerful  journal,  "The  Lancet  Sanitary  Com- 
inissioyi,"  of  which  commission  Dr.  Hassall  was  the  leading  spirit, 
with  Dr.  Letheby  as  occasional  coadjutor  in  matters  purely  chemi- 
cal, and  (what  at  that  time  was  of  great  importance)  with  the 
assistance  of  a  consummate  artist,  who  drew  microscopical  objects 
with  the  most  remarkable  fidelity. 

The  "  Analytical  Sanitary  Commission  "  was  commenced  in  the 
first  number  of  the  Lancet  for  1851,  and  the  scope  of  the  inquiry, 
as  stated  by  the  editor,  was  as  follows:  "We  propose,  for  the 
public  benefit,  to  institute  an  extensive  and  somewhat  rigorous 
series  of  investigations  into  the  present  condition  of  the  various 
articles  of  diet  supplied  to  the  inhabitants  of  this  great  metropolis 
and  its  vicinity.  .  .  .  Special  features  of  the  inquiry  will  be 
that  they  are  all  based  upon  actual  inquiry  and  experiment ;  the 
microscope  and  the  test  tube  will  be  our  constant  companions." 
Notice  was  also  given  that  at  the  expiration  of  three  months  the 
names  and  addresses  of  the  shopkeepers  from  whom  purchases 
had  been  made  would  be  given  ;  but  at  the  commencement  the 
street  alone  was  to  be  indicated.  The  promise  was  kept,  and 
hazardoiis  although  the  experiment  most  certainly  was,  yet  in 
April  we  find  the  names  of  large  firms  freely  published,  and,  so 
to  speak,  "  pilloried,"  for  having  sold  impure  and  false  goods. 

In  1855  Dr.  Hassall  collected  the  articles  which  had  been  pub- 
lished in  the  Lancet  into  a  volume,  entitled  "  Food  and  its  Adul- 
terations, comprising  the  reports  of  the  Analytical  Sanitary 
Commission  of  the  Lancet  for  the  years  1851-54.    London,  1855." 

In  1855  "  The  Select  Committee  on  the  Adulteration  of  Food" 
commenced  its  labours,  and  examined  as  far  as  possible  all  those 
who  were  likely  to  have  any  special  knowledge  of  the  adultera- 
tions themselves,  the  methods  necessary  to  detect  them,  and  their 
effect  on  the  revenue  and  on  health.  Dr.  Hassall  stated  to  the 
committee  the  results  of  his  inquiries  both  for  the  Lancet  Com- 
mission and  during  the  course  of  his  other  labours,  and  gave  in 
detail  the  frauds  practised  in  regai-d  to  milk,  coffee,  tea,  drugs, 
preserved  fruits,  &c. 

Dr.  Alphonse  Normandy,  who  had  also  written  a  work  on 
adulteration — the  result  of  ten  years'  investigation — said,  in 
giving  evidence  as  to  the  aluming  of  bread,  that  he  had  seen  alum 
in  bread  in  crystals  of  the  size  of  a  large  pea.  *'  In  tho  bread  of 
one  baker  I  found  alum  actually  in  the  state  of  large  crystals  ;  I 
went  to  him  and  showed  him  his  bread,  and  he  said,  '  I  cannot 
help  it.'  "    In  extreme  instances  he  had  found  as  much  as  from 
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250  grains  to  twice  that  quantity  of  alum  in  the  41b.  loaf,  and  in 
1847  he  had  found  magnesia  carbonate  in  three  samples  of  bread. 
In  1847  and  1848,  years  of  great  scarcity,  he  had  discovered  bean 
and  pea  meal  in  flour,  but  this  he  considered  quite  exceptional. 
With  regard  to  beer,  he  thought  that  brewers  often  made  iise  of 
cocculus  indicus;  and,  finally,  he  gave  evidence  of  the  great  adul- 
teration of  drugs. 

Mr.  Blackwell,  of  the  firm  of  Crosse  &  Blackwell,  gave  some 
very  interesting  evidence  as  to  the  "  coppering  of  pi-eserved  vege- 
tables "  practised  before  the  food  articles  appeared  in  the  Lancet. 
The  process  in  use  by  his  firm  was  to  boil  the  pickles  or  vinegar 
several  times  in  copjier  boilers.  After  each  operation  they  became 
greener,  and  when  the  proper  hue  was  attained,  the  process  was 
finished  ;  but  since  the  outcry  on  coppered  vegetables,  this  process 
had  been  abandoned. 

Another  witness,  Mr.  O.  L.  Simmonds,  the  author  of  a  work 
upon  "Commercial  Products," in  giving  evidence  on  the  adultera- 
tion of  drugs,  estimated  that  there  was  a  loss  to  the  revenue  from 
this  cause  of  no  less  than  £3,000,000  per  annum.  As  an  instance 
of  the  manner  in  which  the  revenue  suffered,  he  cited  the  substi- 
tution of  cassia  for  cinnamon  ;  cassia  paid  Id.  per  lb.  duty, 
cinnamon  2d.  The  dealers  sold  cassia  under  the  name  of  cinna- 
mon to  such  an  extent  as  to  affect  sei-iously  the  cinnamon  trade. 

§  24.  Adulteration  Acts,  1860  and  1872. — Upon  the  report  of  the 
Select  Committee,  the  first  general  Adulteration  Act  was  drafted, 
and  became  law  in  1860.  The  first  section  enacted,  "That  every 
person  who  shall  sell  any  article  of  food  or  drink  with  which, 
to  the  knowledge  of  such  person,  any  ingredient  or  material 
injurious  to  the  health  of  persons  eating  or  drinking  s\ich  article, 
has  been  mixed,  and  every  person  who  shall  sell  as  pure  or 
iinadulterated  any  article  of  food  or  drink  which  is  adulterated 
or  not  pure,  shall  for  every  such  offence,  on  summary  conviction 
of  the  same,  pay  a  penalty  not  exceeding  £5,  with  costs."  A 
second  offence  was  punishable  in  addition  by  publishing  the 
offender's  name,  place  of  abode  and  offence.  The  Act  permitted, 
but  did  not  compel,  the  appointment  of  analysts.  The  bodies 
which  might  appoint  such  analysts  were  :  in  the  City  of  London, 
the  Commissioners  of  Sewers  ;  in  the  metropolis  generally, 
Vestries  and  District  Boards  ;  in  the  counties,  Courts  of  Quarter 
Sessions.  Section  4  provided  that  any  purchaser  of  any  article 
of  food  in  any  of  the  districts  in  which  analysts  existed,  might 
have  such  article  analysed  on  payment  of  a  sum  not  less  than 
2s.  6d.  and  not  more  than  10s.  6d. ;  the  purchaser,  on  the  com- 
pletion of  the  analysis,  was  entitled  to  receive  a  certificate  of  the 
result  of  the  analysis. 
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These  appointments  wei-e  at  first  confirmed  by  the  Secretary  of 
State,  hut  afterwards  the  Local  Government  Act  of  1871  trans- 
ferred the  I'egulation  of  the  appointments  to  the  Local  Govern- 
ment Board.  The  Act  existed,  and  was  in  j)artial  operation,  for 
twelve  years,  when  it  was  entirely  recast  and  interspersed  with 
various  sanitary  considei'ations. 

In  an  Act  passed  in  the  year  1872  (35  and  36  Vic,  c.  74),  it 
was  enacted  that  "  Every  person  who  shall  wilfully  admix,  and 
every  pei'son  who  shall  order  any  other  pei'son  or  persons  to 
admix,  any  ingredient  or  material  with  any  drug  to  adulterate 
the  same  for  sale,  shall  be  liable  to  a  penalty  for  the  first  off"enc0 
not  exceeding  £50,  with  costs."  The  second  offence  was  punish- 
able by  a  term  of  imprisonment  not  exceeding  six  months,  with 
liai'd  labour.  By  the  second  section  "Every  person  who  shall  sell 
any  article  of  food  or  drink,  with  which  to  the  knowledge  of  such 
person  any  ingredient  or  material  injurious  to  the  health  of 
j)ei-sons  eating  or  drinking  such  article  has  been  mixed,  and  every 
person  who  shall  sell  as  unadulterated  any  article  of  food  or  drink 
or  any  drug  which  is  adulterated,  shall  for  every  such  ofl'ence,  on 
a  summary  conviction  of  the  same,  pay  a  penalty  not  exceeding 
£20,  with  the  costs  of  conviction."  By  the  third  section  "  Any 
person  who  shall  sell  any  article  of  food  or  drink,  or  any  drug, 
knowing  the  same  to  have  been  mixed  with  any  other  substance, 
with  intent  to  fraudulently  increase  its  weight  or  bulk,  and  who 
shall  not  declare  such  admixture  to  any  purchaser  thereof  before 
delivering  the  same  and  no  other,  shall  be  deemed  to  have  sold 
an  adulterated  article  of  food  or  drink,  or  drug,  as  the  case  may 
be,  itnder  this  Act." 

The  Act,  with  doubtful  advantage,  also  extended  the  right  of 
appointing  analysts  to  boroughs  having  separate  police  establish- 
ments. The  apj)ointment  was  optional,  save  on  the  direction  of 
tlie  Local  Government  Board.  The  sixth  section  provided  that 
inspectors  of  nuisances  or  other  local  officers  were  to  procure 
samples  for  analysis.  Private  purchasei-s  might  have  articles 
analysed  as  before,  the  only  difference  being  that,  under  this  Act, 
they  were  to  liand  the  substanee  not  to  the  analyst,  but  to  tlie 
inspector.  There  were  also  provisions  as  to  the  sealing  and 
division  of  samples.  Since  the  Act  of  18G0  remained  unrepealed, 
the  two  Acts  were  both  in  force  simultaneously,  and  under  their 
joint  o[)cration  the  following  offences  were  punishable  : — * 

1.  Selling  any  article  of  food,  drink,  or  medicine,  that  contains 
any  ingredient  injurious  to  hcaltli,  and  knowing  it  to  contain 
such  ingredient. 

2.  Selling  any  adulterated  food,  drink,  or  drug. 

t  "The  Law  of  Atlulteration,"  by  Sidney  VVoolf.    Loud.  1874. 
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3.  Wilfully  mixing  with  any  article  of  food  or  drink  any  in- 
gredient or  poisonous  ingredient  to  adulterate  the  same  for  sale. 

4.  Wilfully  mixing  any  ingredient  with  any  drug  to  adulterate 
the  same  for  sale. 

5.  Selling  any  article  of  food,  drink,  or  any  drug,  knowing  the 
same  to  have  been  mixed  with  other  substances  with  intent  frau- 
dulently to  increase  its  weight  or  bulk,  unless  such  admixture  be 
declared  at  the  time  of  sale. 

§  25.  The  Select  Coinmittee,  1874. — These  Acts  by  no  means 
worked  well.  Many  of  the  analysts  were  inexpei'ienced,  and  even 
those  who  had  considerable  chemical  knowledge  differed  widely 
in  the  conclusions  they  drew  from  their  analyses.  The  reason  of 
this  was  evident,  for  the  standards  had  scarcely  been  settled. 
There  was,  for  example,  no  general  agreement  as  to  the  amount 
of  "  fat  "  and  "  total  solids"  in  milk  ;  the  question  of  whether  tea 
should  be  permitted  to  be  faced,  or  not,  was  then  (as,  indeed,  now) 
unsettled  ;  there  was  no  method  in  use  which  distinguished  ahim 
added  to  flour  and  alumina  existing  as  sand.  Analyst  contra- 
dicted analyst.  Magistrates  were  perplexed  as  to  the  meaning  of 
the  word  "  adulteration,"  and  conflicting  decisions  on  mei-e  legal 
technicalities  offered  a  still  further  obstacle  to  the  healthy  opera- 
tion of  the  Act.  The  public  generally  were  dissatisfied  with  an 
Act  which  on  many  retail  dealers  inflicted  real  hardships — e.g., 
tea,  paid  for  at  the  highest  market  price,  and  imported  direct 
from  China,  would  be  examined  by  a  local  analyst,  and  pronounced 
to  be  faced  with  Prussian  blue,  gypsum,  &c.;  while,  from  the 
peculiar  nature  of  the  statute,  the  seller,  however  innocent  of  the 
fraud  himself,  could  not  defend  the  charge  on  anything  like  equal 
terms.  Petitions,  moderate  in  tone,  came  in  from  most  of  the 
large  towns,  and  the  Government  decided  to  appoint  another 
Select  Committee.  A  lai'ge  number  of  witnesses  :  tea  mei'chants, 
tea  brokers,  tea  retailers,  butter  merchants,  cocoa  and  coffee 
manufacturers,  milk  sellers,  bakers,  and  analysts,  were  examined 
by  this  new  Committee  in  1874  ;  and  on  their  evidence  a  report 
was  based,  which  stated  that  after  having  sat  fourteen  days,  and 
examined  fifty-seven  witnesses,  the  Commissioner  had  arrived  at 
the  unanimous  conclusion  that,  while  the  Act  had  done  mucli 
good,  it  bad,  at  the  same  time,  inflicted  considerable  injury,  and 
enforced  heavy  and  undeserved  penalties  upon  some  respectable 
tradesmen.  "  This  appears  to  have  been  mainly  due  to  the  want 
of  a  clear  understanding  as  to  what  does,  and  as  to  what  does  not, 
constitute  adulteration,  and  in  some  cases  to  the  conflicting 
decisions  and  inexperience  of  the  analysts.  Your  Committee  are, 
however,  of  opinion,  that  the  Act  itself  is  defective  and  needs 
amendment." 
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The  repoi't  went  on  to  say  that  the  adoption  of  the  Act  had 
been  by  no  means  general,  and  in  many  cases  whei-e  it  had  been 
applied,  its  operation  was  of  a  very  restricted  character;  for,  even 
with  competent  analysts,  if  inspectors  were  not  appointed  at  the 
same  time,  the  Act  remained  a  dead  letter.  All  the  London 
vestries  had  made  appointments,  but  in  only  twenty-six  out 
of  seventy-one  boroughs,  and  thirty-four  out  of  fifty-four  coun- 
ties, were  there  at  that  date  ofiicial  analysts.  The  examination 
of  tea  was  recommended  to  be  made  on  importation  by  the 
Customs.  The  Committee  did  not  consider  that  the  exact 
proportion  of  mixtures  need  be  stated  on  a  label,  and  they 
wished  to  recoi'd  that  mixed  mustard  and  prepared  cocoa 
had  been  long  manufactured  at  Deptford  for  the  supply  of 
the  Navy.  They  recommended  that  small  districts  should  be 
consolidated,  and  that,  as  a  rule,  the  boroughs  in  a  county  should 
be  united  with  the  county  for  the  purpose  of  appointing  one 
analyst  for  the  entire  district ;  and  they  pointed  out  that  the  only 
way  to  secure  "  the  services  of  really  efiicient  analysts  is  to  offer 
them  a  fair  remuneration,  which  can  hardly  be  done  without  the 
union  of  several  Local  Authorities  in  one  appointment."  The 
Committee  concluded  their  report  by  remarking  that  the  public 
was  "  cheated  "  rather  than  "  poisoned." 

§  26.  Sale  of  Food  and  Drugs  Acts,  1875  and  1879. — On  this 
report  was  based  the  Act  of  1875,  which  is  at  the  present 
moment,  with  its  amendment  of  1879,  the  existing  law,  and  the 
full  consideration  of  which  will  be  reserved  for  another  Section; 
the  early  defect  in  the  Act,  however,  may  be  at  once  alluded  to, 
for  it  had  not  been  long  in  operation  before  its  action  was  almost 
entirely  stopped  by  legal  ingenuity.  The  sixth  section  pi-ovides 
that  "  No  person  shall  sell  to  the  prejudice  of  the  purchaser  any 
article  of  food  or  any  drug  which  is  not  of  the  nature,  substance, 
and  quality  of  the  article  demanded  by  such  purchaser;"  and  in  a 
Justiciary  appeal  case  at  Edinburgh,  in  which  an  inspector  had 
purchased  cream  not  for  his  own  use  but  for  analysis,  the  Scotch 
court  disc\issed  the  "  prejudice  "  question — three  out  of  seven 
judges  adopting  the  view  that  a  purchase  made  under  tliese  con- 
ditions was  not  to  the  "  prejudice  "  of  the  purchaser,  and  five  out 
of  the  seven  dismissing  the  summons  on  other  grounds.  The 
impression  produced  in  this  countiy,  however,  by  the  decision  of 
tlie  court,  was  that  the  sale,  to  be  eff'ectual,  must  bo  made  in  tlie 
ordinary  way,  aiul  not  merely  for  tlio  purposes  of  analysis.  The 
same  question  was  raised  in  quite  a  diilerent  but  equally  ingeni- 
ous way  in  a  "  mustard  case  "  argued  before  the  Court  of  Queen's 
Bench.  The  purchase  in  this  case  was  by  an  olficer  ;  the  defence 
being  that,  as  it  was  well  known  that  mustard  was  mixed  witli 
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flour  and  other  things,  such  a  purchase  could  not  be  to  the  pre- 
judice of  the  purchaser.  The  point,  however,  was  left  undecided ; 
the  question  again  came  before  the  Court  of  Queen's  Bench,  in 
the  case  of  Sandys  v.  Small,  and  the  "  prejudice  "  question  was 
argued  on  both  points.  Whisky  was  alleged  to  have  been  mixed 
with  water,  and  the  defence  set  up — that  it  was  known  to  be  so 
mixed,  and  therefore  not  to  the  prejudice  of  the  purchaser — was 
held  by  the  court  to  be  good,  and  the  case  having  been  decided 
upon  this  point,  the  other  was  not  pi-oceeded  with.  Finally,  the 
question  was  settled  by  the  case  of  Hoyle  v.  Hitchman,  March 
27,  1879.  The  facts  in  this  instance  were  of  the  simplest  char- 
acter :  the  apjjellant  had  purchased  milk  in  the  usual  official  way; 
the  milk  was  found  to  be  adulterated,  and  the  defence  was  that, 
as  he  did  not  use  the  milk,  therefore  lie  did  not  buy  the  milk  for 
his  own  use  ;  he  was  not  prejudiced.  The  magistrate  who  heard 
the  case  considered  the  defence  good,  and  dismissed  the  summons. 

Justice  Mellor,  in  giving  judgment,  observed  that  the  "  preju- 
dice" view  of  the  Act  "would  absolutely  nullify  its  beneficial 
effect.  For  if  the  meaning  of  the  enactment  is  that  the  offence 
cannot  be  complete  without  its  being  '  to  the  prejudice  of  the 
])urchaser,'  it  is  hardly  possible  that  the  offence  should  be  brought 
home  to  any  one.  And  this  observation,  in  my  view,  goes  far  to 
show  that  this  construction  cannot  be  the  right  one.  So  far  as 
authority  is  concerned,  there  is  no  direct  decision  in  favour  of 
such  a  view  ;  and  indeed,  in  the  English  courts  there  is  hardly 
any  authority  upon  the  point.  For  in  the  first  of  the  two  cases 
in  this  court  referred  to,  the  mustard  case,  my  brother  Lush 
distinctly  said  that,  in  his  view,  if  the  article  Avere  adulterated, 
it  must  be  presumed  that  it  was  'to  the  prejudice  of  the  pur- 
chaser,' and  I  could  not  have  dissented  from  that  opinion  or  I 
could  not  have  concurred  in  sending  the  case  down  to  be  re-stated 
on  the  other  point.  And  as  to  the  other  case,  no  doubt  in  the 
course  of  the  argument  the  Lord  Chief- Justice  made  some  such 
remark,  but  not  by  way  of  a  decided  dictum,  and  rather  by  way 
of  query  or  suggestion,  and  the  decision  went  upon  the  other 
jjoint,  so  that  there  is  no  authority  in  the  English  courts  in  favour 
of  the  view  now  presented.  It  cannot  be  said  that  the  weight  of 
judicial  authority  is  against,  and  I  rather  think  it  is  in  favour  of, 
the  view  which  we  have  arrived  at  after  the  best  cousideratic^n 
given  to  the  question,  as  to  the  true  construction  of  the  enactment. 
It  is  quite  general  in  its  terms,  and  its  terms  are  very  large,  nor 
is  there  anything  to  limit  tliem, — '  if  any  one  shall  sell,  to  the 
prejudice  of  the  purchaser,  any  article  of  food  not  of  the  nature, 
substance,  or  quality  of  the  article  demanded  by  the  purchaser.' 
'I'liere  is  notliing  to  limit  the  application  of  the  enactment  (as 
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some  of  tlie  Scotch  judges  seem  to  have  supposed)  to  articles 
deleterious  in  their  nature.    And  in  several  of  the  sections  (13  to 
17)  provisions  are  made  for  purchases  by  public  officers  for  the 
purpose  of  analysis  and  prosecution,  assuming  that  if  the  article 
is  found  to  be  adulterated  the  offence  ■will  have  been  committed. 
It  would  be  strange  indeed  if  all  these  provisions  were  to  be  made 
nugatory  by  a  construction  which  would,  in  effect,  come  to  this  — 
that  proceedings  could  only  be  taken  by  private  individuals. 
Here  the  purchase  was  made  by  the  inspector  under  those  sec- 
tions ;  but  surely  the  case  must  be  ti-eated  as  though  the  purchase 
had  been  by  a  private  individual.    Naw,  in  the  case  of  a  private 
individual  no  one  could  dispute  that  in  such  a  case  as  this  the 
offence  would  have  been  completed,  and  the  magistrate  has  so 
found,  in  fact.    That  being  so,  what  difference  can  it  make  as  to 
the  nature  of  the  offence,  that  the  j^urchase  was  by  an  officer  on 
behalf  of  the  public,  and  furnished  with  public  money  for  the  pur- 
pose 1    If  the  purchaser  asks  for  a  certain  article,  and  gets  an 
article  which  by  reason  of  some  admixture  of  a  foreign  article  is 
not  of  the  natiire  or  quality  of  the  article  he  asks  for,  he  is  neces- 
sarily 'prejudiced;'  and  how  can  the  fact  that  the  pvirchase  is 
not  with  his  own  money  at  all  affect  the  question  of  the  commis- 
sion of  the  offence  ?    The  offence  intended  to  be  prevented  by  the 
Act  was  the  fraudiilent  sale  of  articles  adulterated  by  the  admix- 
ture of  foreign  substances,  which  would  necessarily  be  '  to  the 
prejudice  of  the  purchaser    and  those  words  were  inserted  only 
to  require  that  such  an  adulteration  should  be  shown  to  have  been 
made.    Taking  all  these  matters  into  consideration,  I  cannot 
bring  my  mind  tO'  the  conclusion  that  in  such  a  case  as  this  the 
offence  is  less  complete,  merely  because  the  money  with  which  the 
purchase  was  made  was  not  the  money  of  the  purchaser,  which 
must  be  wholly  immaterial  to  the  seller,  and  cannot  affect  tlie 
offence  he  has  committed.    I  come,  therefore,  to  the  conclusion 
tliat  the  magistrate  was  wrong  in  dismissing  the  case  on  that 
ground,  and,  therefore,  that  the  case  must  be  remitted  to  him  to 
be  determined  on  the  evidence  as  to  the  offence  alleged  to  have 
been  committed." 

Mr.  Justice  Lush,  in  expressing  his  entire  concurrence,  said 
that  the  differences  of  opinion  which  unfortunately  prevailed  as  to 
the  true  construction  of  the  sixth  section  of  the  Act  had  crippled 
the  operation  of  a  most  beneficial  Act. — Judgment  for  the  appel- 
lant. 

Finally,  the  Act  of  1875  was  amended  by  the  "  Sale  of  Food 
and  Drugs  Act,  1879,"  wliich  became  law  on  July  'Jlst  in  that 
year.  This  Act  settled  tlio  "prejudice"  question,'authoriKed  tlic 
obtaining  of  samples  of  milk  for  the  pur])oses  of  analysis,  and 
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established  standards  for  spirits.  (See  sections  on  the  "Existing 
Law  relative  to  Adulteration.") 


v.— THE  HISTORy  OF  THE  PRESENT  SCIENTIFIC 
PROCESSES  FOR  THE  DETECTION  OF 
ADULTERATION. 

§  27.  If  an  attempt  were  made  to  write  the  full  history  of  the 
modern  system  of  the  practical  assaying  of  foods,  beverages,  and 
drugs,  the  result  would  be  neither  more  nor  less  than  a  history 
of  the  development  of  the  chemical,  physical,  botanical,  and  medi- 
cal sciences  ;  for  there  has  scarcely  been  a  single  advance  in  any 
one  of  those  sciences  which  has  not  some  bearing,  immediate  or 
remote,  on  our  subject.  Hence,  the  more  useful  and  less  am- 
bitious method  to  pursue  will  be  merely  to  notice  the  chief  writ- 
ings and  the  more  noteworthy  discoveries  of  those  who  have 
explored  this  special  field  of  investigation. 

The  very  eai-ly  and  brief  notices  in  the  old  writers  have  been 
already  mentioned.  The  first  general  works  on  adulteration  were 
devoted  to  drugs  rather  than  to  foods,  and  the  herbals  and  the 
older  works  contain  here  and  there,  scattered  through  their  prolix 
pages,  casual  mention  of  substitutions  or  falsifications.  For 
example,  Saladin  of  Ascala,  a  physician  to  the  Grand  Constable 
of  Naples,  who  wrote  in  the  fifteenth  century  a  work  on  the 
aromatic  principles  of  drugs,  describes  methods  of  preserving  food, 
and  in  speaking  of  the  adultei-ation  of  manna  with  sugar  and 
starch,  cites  the  case  of  an  apothecary  who  was  fined  heavily  and 
deprived  of  his  civil  rights.* 

§  28.  In  the  early  part  of  the  seventeenth  century  Bartoletus 
discovered  by  analysis  milk-sugar  (see  chapter  on  "Milk"),  and  to 
this  epoch  belong  also  some  observations  and  experiments  of 
another  Italian,  San  Francesco  Redit  of  Florence,  published  in 
1660,  on  the  amount  of  mineral  substances  in  peppei',  ginger,  and 

*  This  work,  "Compendium  Aromatarium,"  was  pii Wished  in  Augsburg, 
1481.  There  is  no  separate  copy  in  the  British  Museum,  but  it  will  be  found 
as  the  "Liber  Saladini"  in  the  beautiful  folio  edition  of  the  Arabic  phj'- 
sician  (Yuuianna  ibn  Massawiiih),  Joanim  mcsuae  dainanceni  medico  claris- 
mni  opera,  etc.,  de  mi'dicaiiicniorum  delectu,  castigalione  el  usn,  c£'C.,  etc., 
foliOy  Venice,  1623.  The  work  is  in  the  old  dialogue  style,  consisting  for 
the  most  part  of  question  and  answer.  The  books  ))recediug  the  "  Liber 
Saladini "  also  contain  some  observations  on  adulteration. 

t  Francesco  Kedi,  1G2G-1097  ;  he  was  at  once  a  poet,  a  chemist,  and  a 
physician. 
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black  hellebore.  He  burnt  lOOlbs.  of  each  and  weighed  the  ash: 
black  pepper  yielded  51bs.  2oz.  4drs.  of  ash,  ginger  51bs.  3oz.  Sdrs., 
while  black  hellebore  burnt  in  the  same  quantity  gave  41bs.  of  ash. 
These  ash  percentages,  as  we  know,  are  accurate.  He  treated 
the  ash  with  water,  and  noticed  that  all  the  salts  lixiviated,  and 
had  a  peculiar  and  definite  figure,  which  they  kept  although  they 
were  often  resolved  and  afterwards  congealed.  "  If  in  one  liquid 
you  dissolve  together  two  or  three  sorts  of  salts  of  different  figure, 
when  they  congeal  they  all  resumetheir  ancient  and  proper  figure." 
He  gives  examples  of  this  among  minei'al  salts,  and  further  states 
that  if  vitriol  of  Cyprus,  rock  alum,  and  nitre,  be  dissolved,  on 
evaporation  and  ciystallisation  the  diSerent  salts  can  be  readily 
detected.* 

§  29.  The  Honourable  Robei't  Boyle,  whose  numerous  writings 
and  discoveries  are  well  known  to  all  scientific  men,  may  be  said 
in  a  way  to  have  written  the  first  treatise,  the  sole  object  of  which 
was  to  make  known  a  method  of  detecting  adulterations.  The  title 
of  his  woi-k  is  "  Medicina  Hydrostatica  ;  or  Hydrostatics  applied 
to  Materia  Medica,  shewing  how  by  the  weight  that  divers  bodies 
used  in  physic  have  in  water,  one  may  discover  whether  they  be 
genuine  or  adulterated,"  8vo.,  Lond.  1690.  His  method  of  deter- 
mining specific  gravity  was  similar  to  that  now  used.  He 
determined  the  specific  gravityf  of  pure  rock  crystal,  which  he 
took  as  a  standard,  comparing  the  specific  weight  of  various 
minerals  with  it.  He  showed  that  impui-e  mercury  sublimate, 
weighed  in  this  manner,  would  be  deficient,  and  that  Koman 
vitriol  mixed  with  alum  might  also  be  similarly  detected.  He 
observed  that  there  were  several  forms  of  soluble  salts  in  jilants, 
but  always  some  that  were  cubical.  Boyle  also  determined  the  per- 
centage of  ash  in  about  forty  difi'erent  vegetables,  and  the  amount 
of  soluble  ash.  Boyle's  was  not  a  work  of  general  scope,  for  the 
most  part  confining  itself  to  the  recommendation  of  a  particular 
although  widely  applicable  method. 

An  early  general  work  on  the  adulteration  of  drugs  was  that 
of  J.  B.  Vanden  Sande,J  who  may  be  called  the  pioneer  of 

*  Phil.  Trans.,  1G93,  p.  281. 

t  I  believe  that  the  oldest  tables  of  spcciHc  gravity  extant  arc  those  in 
Lord  Francis  Bacon's  "  Hiatoria  Densis  ct  Piari,"  fol.,  Lond.,  1741.  A  cube 
of  gold  was  taken  as  a  .standard,  and  cubes  of  other  substances,  of  a  size 
as  exactly  similar  as  possible,  were  made.  He  was  conscious,  liowcver,  of 
tlic  want  of  complete  accuracy. 

X  "//«.?  JaLvJicalioiiH  de.t  riu' < Hcame.nl s  d^voiltfef!,  oiivrage.  dans  leqml  on 
ensnifjne  Lcs  moyens  dc  difcouvrir  l,i:s  l.rom))c.rii's  misi's  en  iisa.(ie  pour  fahijie.r  les 
im'ulicame.nls  taut  sbn.j)les  epie,  comjmsfes,  el  oil  on.  L'tiihlii  r/ef  rfii/les  pour 
s'nssure.r  d.e  le.ur  hmilt',  ouvrai/e  non  senleme.nl  utile  aii.n  tnedccins,  chinnyie.v.% 
apothicairea,  ct  droijuistes,  maia  aussi  aux  inaladcs. "    I'ar.  J.  \i.  Vaudcn  Saudc, 
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a^jplied  quantitative  chemistry,  for  lie  not  only  desci'ibecl  the 
mere  external  characteristics  of  various  articles  of  the  materia 
medica,  but  also  made  alcoholic  and  ethereal  extracts,  and  detei'- 
mined  the  weight  of  the  extracts  thus  obtained.  He  also,  after 
the  manner  of  his  time,  distilled  the  substances  and  obtained 
various  products. 

§  30.  The  invention  of  the  microscope,  revealing  the  most  inti- 
mate structure  of  animal  and  vegetable  tissues,  and  the  regular 
and  mathematical  forms  of  salts  and  minerals,  gave  a  great  impetus 
to  all  the  sciences.  Antony  Van  Leeuwenhoek  (b.  1632,  d.  1723) 
was  the  first  who  in  any  philosophic  manner  occupied  himself 
with  this  instrument.  Gifted  with  rare  powers  of  obsei'vation 
and  manipulative  dexterity,  he  made  his  own  microscopes,  and 
prepared  all  objects  with  his  own  hands.  His  microscopes 
were  what  we  should  now  call  lenses.  Each  object,  permanently 
mounted,  had  a  separate  microscope,  which  merely  consisted  of  a 
small  double  convex  lens  let  into  a  socket  between  two  plates 
riveted  together,  and  piei'ced  with  a  small  hole.  The  object  was 
placed,  if  liquid,  on  a  fine  little  plate  of  talc,  which  was  then  glued 
to  a  needle,  or,  if  solid,  was  attached  to  the  needle  itself  There 
was  a  mechanical  arrangement  by  which  the  needle  could  be 
depressed  or  raised,  or  placed  in  any  position  desii-ed.  None  of 
his  lenses  were  very  powerful — he  rather  preferred  clear  defini- 
tion ;  nor  were  they  all  of  the  same  magnifying  power,  but  varied 
acciording  to  the  nature  of  the  object.  He  possessed  au  incredible 
number  of  these  instruments,  and  at  his  death  beqiieathed  many 
of  them  to  the  Royal  Society.  He  investigated  daily  during  his 
long  life  all  kinds  of  objects  in  the  three  kingdoms  of  nature,  and 
made  perhaps  a  greater  number  of  discoveries  as  to  minute  strxic- 
tures  than  any  other  man  in  his  time;  indeed,  there  was  scarcely 
a  competitor,  for  the  method  was  peculiarly  his  own.  These  dis- 
coveries did  not  attract  so  much  attention  in  his  day  as  they 
deserved,  the  reason  probably  being  that  scai'cely  any  one 
possessed  the  suitable  means  of  corroborating  his  researches. 
Leeuwenhoek  seems  to  have  been  the  first  to  discover  the  active 
principle  of  tea  and  cofiee,  and  to  desci'ibe  the  structure  of  the 
coffee  berry.*  Speaking  of  coffee  beans,  he  says:  "I  placed  some 
of  the  beans  in  a  projjer  chemical  vessel  over  the  fire,  and 
observed  that,  in  the  roasting  or  bui'ning  them,  a  great  quantity 
of  oily  substance  and  also  of  watery  moisture  was  expelled.  The 

Maitre  Apotliicaire  cle  Bruxelles,  Ji  la  Haye,  1784.  A  well  printed  Svo.  of 
430  pages.  The  same  author  wrote  a  "  Leilre  siir  la  sophisticalion  des  vi7is." 
Amsterdam,  and  one  or  two  other  works. 

*  The  author  believes  that  this  is  the  first  notice  of  the  separation  of 
caffeine  by  Leeuwenhoek. 
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roasted  bean  I  broke  into  small  pieces,  and  after  infusing  these  in 
clear  rain  water,  I  suffered  the  water  to  evaporate  after  pouring 
it  from  the  grosser  parts  of  the  coffee,  and  then  I  discovered  a 
great  mimber  of  oblong  saline  particles  of  different  sizes,  but  most 
of  them  exceedingly  minute  ;  all  of  them  with  sharp  points  at 
the  ends  and  dark  in  the  middle."*  He  figures  these  '•  saline 
particles,"  and  from  the  description  and  the  figure  they  can  be 
scarcely  other  than  crystals  of  "  caffeine  "  or  "  theine."  He  also 
cut  thin  slices  of  the  berry,  and  one  of  his  plates  is  a  very  good 
illustration  of  the  cellular  structure  of  coflfee.  He  noted  that  "it 
was  of  an  open  and  spongy  texture  .  .  .  and  some  of  the 
parts  which  in  the  figure  appear  closed  up,  consisted  of  globules, 
and  were  filled  with  oil."  Still  more  decisive  are  his  observa- 
tions on  tea,  in  which  it  is  absolutely  certain  that  he  obtained 
"  caffeine  "  or  "  theine  "  by  sublimation,  for  he  distilled  it  and 
collected  the  "  volatile  salt."  "  All  these  saline  particles  were  of 
the  same  shape,  that  is,  very  long  and  pointed  at  both  ends. 
.  •  .  I  afterwards  endeavoured,  for  my  further  satisfaction, 
to  discover,  if  possible,  how  many  saline  particles  could  be 
produced  from  a  single  leaf  of  tea  ;  but  having  reckoned  up  only 
a  part  of  the  volatile  salts  contained  in  one  leaf,  I  forbore  any 
furtlier  observations,  because  the  number  I  had  already  reckoned 
up  was  so  gi'eat  that  I  dared  not  publish  it,  as  I  had  proposed  to 
do,  and  indeed  many  persons  could  not  believe  that  the  leaf  itself 
could  be  divided  into  so  many  parts  visible  by  the  microscope, 
as  I  saw  volatile  saline  particles  produced  from  one  single  leaf" 
He  also  examined  the  ash  of  tea,  and  noticed  its  deliquescent 
character.  He  separated  several  distinct  salts,  of  which  one  kind 
had  small  cubical  crystals,  and  was  probably  common  salt.  He 
also  turned  his  attention  to  pepper,  and  extracted  from  it  a  crystal- 
line principle,  probably  "piperine."  He  powdered  long  pepper, 
and  placed  it  in  a  glass  vessel,  covei'ing  it  with  rain  water  to  about 
one-third  of  an  inch.  "After  the  water  had  stood  about  two  hours, 
I  poured  it  off,  but  it  being  evening  I  let  the  water  stand  all  night. 
The  next  morning  I  saw  in  the  place  where  it  was  most  evaporated 
an  incredible  number  of  saline  particles,  many  of  which  were 
almost  twice  as  long  as  broad,  but  one  side  always  longer  than  the 
other."  Ho  ahso  distilled  pepper,  and  extracted  from  it  an  oil. 
He  considered  the  difference  between  white  and  black  pepper  to 
be  that  one  was  decorticated,  the  other  not,  and  ])voved  that  he 
was  i-iglit  by  direct  experiment.  In  speaking  of  vineg.ir,  he 
noticed  that  it  was  neutralised  by  chalk,  and  that  it  often  contains 
ramute  eels — these  "  eels  "  he  figures  and  describes. 


"The  Select  Works  of  Antony  Van  Lecuwenboek,"  4to.    Lond.,  1798. 
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To  Leeuwenhoek,  tlien,  may  fairly  be  accorded  the  credit  of 
having  made  several  unnoticed  discoveries  in  food-analysis. 
Contemporaneously  with  Leeuwenhoek,  Dr.  Hy.  Power  published 
some  microscopical  observations,  describing  tlie  appearances  of 
sand,  sugar,  and  salt,  the  eels  in  vinegar,  and  the  mites  in  oat- 
meal. He  also  observed  how  easy  it  was  to  discover  the  particles 
or  globules  of  mercury  in  compound  powders.  "  In  those 
chyraical  preparations  of  mercury  which  they  call  '  turbith 
mineral,'  '  mercurum  vitae,'  sublimate  precipitate,  and  mercury 
cosmetical,  you  may  most  plainly  and  distinctly  see  the  globular 
atoms  of  current  and  quick  mercury  besprinkled  all  among  the 
powders,  like  so  many  little  stars  in  the  firmament."*  He  also 
notices  the  minute  structure  of  several  leaves,  and  may  be  con- 
sidered, together  with  Dr.  Hooke,tas  the  English  representative 
of  microscopical  science  at  that  date. 

Microscopical  observers  rapidly  multiplied  as  the  instrument 
itself  was  perfected,  and  by  about  the  year  1825,  really  good 
instruments,  although  not  absolutely  achromatic,  could  be  pur- 
chased. In  1838,  Ehrenberg  brought  out  his  great  folio  on 
"  Infusorial  Life."  The  beauty  of  the  illustrations  in  this  have 
never  been  surpassed,  and  amply  prove  that  very  early  in  the 
nineteenth  century,  for  those  who  could  afford  the  expense,  there 
were  instruments  of  great  power,  precision,  and  definition.  J 

In  1844,  Donne§  published  his  beautiful  plates  containing, 
among  other  things,  some  accurate  representations  of  the  milk 

*  "  Experimental  Philosopliy,  in  Three  Books,  containing  New  Observa- 
tion Experiments,  Microscopical,  Mercurial,  Magnetical."    Lond.,  166.3. 

t  Dr.  Hooke  published  his  "  Micrographia  Illustrata  "  in  1656,  in  the  Philo- 
sophical Transactions,  in  which  he  made  known  his  invention  of  glass  globules 
applied  to  the  microscope,  by  which  an  immense  magnifying  power  was 
obtained.  He  afterwards  published  a  work  entitled— "Micrographia;  or.Some 
Ph3'siological  Descriptions  of  Minute  Bodies,  made  by  means  of  Magnifying 
Glasses,  with  Observations  and  Enquiries  thereupon,"  by  R.  Hooke,  F.R.S. 
London,  1765.  The  work  is  a  folio  illustrated  with  well  executed  copper- 
plates. He  describes  and  figures,  like  Leeuwenhoek,  poppy  seeds,  vinegar  eels, 
&c.  He  was  a  man  of  great  ingenuity  and  celebrity.  In  a  theoretical  manner 
he  anticipated  the  telejthone,  for  in  the  prefacehe  says :  '"Tis  not  impossible  to 
hear  a  whisper  a  furlong's  distance,  it  having  been  already  done,  and  perhaps 
the  nature  of  the  thing  would  not  make  it  more  imjiossible  though  that 
furlong  should  be  many  times  multiplied.  .  .  I  can  assure  the  reader  that 
I  have,  by  the  help  of  a  distended  wire,  propagated  the  sound  to  a  very  con- 
siderable distance  in  an  instant,  or  with  as  seemingly  quick  a  motion  as  that 
of  light,  at  least  incompai-ably  swifter  than  that  which  at  the  same  time  was 
propagated  through  the  air,  and  this  not  ouly  in  a  straight  line,  or  direct, 
but  in  one  bended  in  many  angles." 

X  Die  Infusio/ithicrckeii  a/s  Volkommene  Organismen.  Von  D.  Christian 
Gottfreid  Ehrenberg.    Leipzig,  1S.3S. 

§  A.  DcnnG;  Ooursde  Microscope. 
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corpuscles  (see  article  on  "  Milk  ").  Dr.  Ure,  in  an  important 
case  in  which  an  attempt  was  made  to  evade  the  duty  on  cassava 
stai'ch  by  calling  it  arrowroot,  and  importing  it  as  such,  detected 
the  fraud  by  the  microscopic  appearances  alone.  An  excellent 
collection  of  objects  illustrating  the  minute  anatomy  of  plants  was 
to  be  found  in  1845  in  the  Museum  of  the  College  of  Surgeons, 
the  catalogue  of  which  was  edited  in  an  illustrated  form  by 
Professor  Quekett.*  About  the  same  time,  Quekett  also  delivered 
several  lectures  on  histology,  in  the  course  of  which  he  pointed  out 
the  value  of  the  microscope  in  the  detection  of  fraud. t 

§  31.  In  the  latter  part  of  the  eighteenth  and  the  beginning 
of  the  nineteenth  centuiy,  chemistry  advanced  with  rapid  strides : 
Neumann  Caspar  J  made  various  expei'iments  on  milk,  wine, 
butter,  tea,  coffee,  and  other  substances  ;  the  Boerhave  School  § 
analysed  milk  ;  Berzelius  issued  his  chemical  papers  ;  Scheele 
instituted  a  variety  of  researches,  and  thus  the  fovmdation  was 
being  laid  of  those  processes  which  were  impi'oved  and  perfected 
by  the  philosophical  mind  of  Liebig,  and  applied  in  the  analyses 
of  various  vegetable  products  ||  by  Mvilder,  many  of  whose 
methods  are  still  quoted  and  taken  to  a  cei'tain  extent  as 
standard.  This  advance  in  chemical  science  was  naturally 
accompanied  by  more  elaborate  and  scientific  works  on  food, 
and  for  the  first  time  it  became  possible  to  study  the  subject 
in  a  philosophical  manner,  and  to  apply  a  variety  of  processes 
for  the  detection  of  fraud. 

§  32.  There  was  published,  in  1820,  a  work  on  the  adulteration 
of  food,  by  Frederick  Accum,ir  which  is  sometimes  inaccurately 
referred  to  by  writers  of  the  present  day  as  "  Death  in  the  Pot." 
Accum,  however,  wrote  no  work  bearing  that  title,  which  be- 
longs properly  to  a  little  book  by  an  anonymous  writer,  to  be 
noticed  presently.  Accum's  work,  appearing  just  at  a  time 
when  several  brewers  had  been  fined  heavily  for  having  in  their 
possession  illegal  substances,  and  being  reviewed  most  favourably 
by  the  press,  exercised  a  very  great  influence  on  the  public  mind 

*  "Descriptive  and  Illustrated  Catalogue  of  the  Histological  Series  in  the 
Museum  of  the  Royal  College  of  Surgeons,"  vol.  ii.,  1850. 

t  "  Lectures  on  Histologv,  delivered  at  the  Royal  College  of  Surgeons, 
1850-1."  ° 

i  "The  Chemical  Works  of  Neumann  Caspar,  abridged  and  methodised.'' 
By  William  Lewis.  London,  1773.  Neumann  Caspar,  M.D.,  vom  Thee 
Caffee,  Bier  und  Wein  :  Lcipsic,  1735. 

§  See  chapter  on  "Milk." 

11  "The  Chemistry  of  Animal  and  Vegetable  Physiology,  translated  from 
the  Dutch."    By  P.  F.  H.  Krombcrg  :  Edinburgli,  1845^ 

IT  "  A  Treatise  on  the  Adulteration  of  Food  and  Culinary  Poisons,  exhibit- 
ing the  Fraudulent  Sophistication  of  Bread,  Beer,  Wine,  Spirituous  Liquors, 
I'eu,  Cofifee,  &c."    By  Frederick  Accum  :  London,  1820. 
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— the  more  so  as  it  was  -written  with  considerable  ability  and 
knowledge  of  the  subject. 

After  giving  a  general  review  of  adulteration,  and  proving 
that  it  was  a  widespread  evil,  affecting  more  or  less  every  in- 
dustry— that  woollen  goods  were  adulterated  with  cotton,  soap 
with  clay,  paper  with  plaster  of  Paris,  provisions  of  all  kinds 
with  a  number  of  worthless,  or  actually  injurious  substances, 
that  even  hardware,  such  as  cutlery  and  the  like,  did  not  escape 
— he  is  surprised  at  the  great  ingenuity  applied  to  such  bad  pur- 
poses. "  The  eager  and  insatiable  thirst  for  gain,"  he  observes, 
"  which  seems  to  be  a  leading  characteristic  of  the  times,  calls 
into  action  every  human  faculty,  and  gives  an  irresistible  impulse 
to  the  power  of  invention,  and  whei'e  lucre  becomes  the  reigning 
principle,  the  possible  sacrifice  of  a  fellow-creature's  life  is  a 
secondaiy  consideration."  From  generalities  Accum  then  pro- 
ceeds to  describe  more  or  less  minutely  the  fraudulent  tricks  of 
each  particular  trade  :  "  The  baker  asserts  that  he  does  not  put 
alum  in  his  bread,  but  he  is  well  aware  that  in  purchasing  a 
certain  quantity  of  flour,  he  must  take  a  sack  of  'sharp  whites,' 
a  term  given  to  flour  contaminated  with  a  quantity  of  alum,  with- 
out which  it  would  be  impossible  for  him  to  produce  light,  white, 
and  porous  bread  from  a  half  spoiled  substance."  He  also  states 
that  the  baker  used  a  powder  technically  called  "stuflT,"  consisting 
of  one  part  of  alum  in  minute  aystals  and  three  parts  of  salt. 

In  speaking  of  brewing  frauds  he  supports  his  assertions  by 
reference  to  actual  convictions  taken  from  the  papera  of  the  day, 
and  he  cites  among  others  the  King  v.  Richard  Bowman, 
Times,  May  18,  1818,  in  which  the  defendant,  a  brewer  of 
"Wapping,  was  convicted  of  having  a  substance  called  "multum"* 
on  his  premises,  and  fined  £200  ;  and  the  King  v.  Luke  Lyons, 
in  which  the  defendant  was  convicted  of  having  various  delete- 
rious drugs  in  his  brewery,  among  which  were  capsicum  and 
coppei'as,  and  fined  £420. 

From  these  and  similar  trials  and  cases,  he  gives  a  list  of  the 
adulterations  in  use  by  the  brewers,  among  which  figure 
multum  (just  mentioned),  cocculus  indicus,  sold  to  tannei'S  and 
dyers  under  the  name  of  "  black  extract,"  and  "  bittern,"  com- 
posed of  calcined  sulphate  of  iron,  extract  of  cocculus  indicus, 
extract  of  quassia  and  Spanish  liquorice — a  compound  not  much 
dissimilar  from  some  of  the  "  hop  substitutes  "  of  the  present 
day.  He  also  gives  a  list  of  the  publicans  convicted,  between 
1815  and  1818,  of  adulterating  beer;  these  cases  were  nineteen  in 
number but  the  only  adulterations  proved  seem  to  have  been 


*  Multum,  a  mixture  of  extract  of  quassia  and  liquorice. 
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"  salt  of  steel,"  wHicli  was  doubtless  sulphate  of  iron,  common  salt, 
molasses,  and  the  mixing  of  table  beer  with  strong  beer.  The 
fines  ranged  from  £5  to  £400. 

In  a  notice  of  Mr  Accum's  work  in  No.  156  of  the  Literary/ 
Gazette,  there  occurs  the  following  passage,  which  may  serve  as 
an  example  of  the  spirit  of  the  press: — "  Devoted  to  disease 
by  baker,  butcher,  grocer,  wine  merchant,  spirit  dealer,  cheese- 
monger, pastry  cook,  and  confectioner,  the  physician  is  called  to 
our  assistance.  But  here  again  the  pernicious  system  of  fraud, 
as  it  has  given  the  blow,  steps  in  to  defeat  the  remedy.  The 
unprincipled  dealer  in  drugs  and  medicines  exerts  the  most 
potent  and  diabolical  ingenuity  in  sophisticating  the  most  potent 
and  necessary  drugs — Peruvian  bark,  rhubarb,  ipecacuanha, 
magnesia,  calomel,  castor  oil,  spirits  of  hartshorn,  and  almost 
every  other  medical  commodity  in  general  demand,  and  chemical 
preparation  used  in  pharmacy." 

A  few  years  after  Accum's  work  a  small  duodecimo  appeared, 
familiarly  known  under  the  name  of  "  Death  in  the  Pot;"  but  the 
full  title  of  which  was — "  Deadly  Adulteration,  and  Slow  Poison- 
ing, and  Death  in  the  Pot  and  the  Bottle,  in  which  the  blood-em- 
poisoning and  life-destroying  advilteration  of  wines,  spirits,  beer, 
bread,  flour,  tea,  sugar,  spices,  cheesemongery,  pastry,  confectionery, 
medicines,  &c.,  are  laid  oi^en  to  the  public,  with  tests  or  methods  for 
ascertaining  and  detecting  the  fraudulent  and  deleterious  adultera- 
tions, and  the  good  and  bad  qualities  of  those  articles,  with  au 
expose  of  medical  empiricism  and  imposture,  quacks  and  quackery, 
regular  and  irregular,  legitimate  and  illegitimate,  and  the  frauds 
and  malpractices  of  pawnbrokers  and  madhouse  keepers.  By  an 
enemy  of  fraud  and  villany."  London.*  This  little  brochure  of 
137  pages,  written  in  a  popular  style,  and  rejoicing  in  a  startling 
title,  enjoyed  a  large  circulation,  and,  despite  its  small  intrinsic 

*  No  date,  but  probably  about  1825.  A  small  Latin  work,  with  a  some- 
what similar  title,  had  been  published  about  a  century  previous.  Mors  in 
OUa,  seu  mctallicum  contar/ium  in  cihorum,  potuum  et  medicamentorum. 
Schulze:  1722.  This  is,  however,  of  but  little  merit,  and  only  points  out  the 
danger  of  metallic  contamination  by  articles  cooked  or  preserved  in  copper 
vessels.    At  the  end  is  the  following  :— 

"  Herr  Anhalt  zeigt  den  Tod  in  Topfen 

Das  ist  erschrocklich  !  doch  dabey, 
Lehrt  er  !  aus  welchen  Grund  man  schopfen, 

Soli  (icgengift  und  Artzency, 
Wodurch  cr  dann  gicbt  deutlich  zu  erkennca 

Dass  man  ihn  bald  mit  Ituhm  wird  Doctor  nennen." 

There  were  besides  other  "Deaths;"  as,  for  example — "Mors  in  vitro  smt 
leUiifera  viiii  adiisli  dnmna  ex  sola  ejusdam  astrinfjendi  virlttli  cnnlrahcta. 
N.  B.  Noel.    1709.    A  poor  tract,  full  of  words,  and  offering  nothing  new. 
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merit,  had  more  influence  on  the  popular  mind  than  any  similar 
work  that  had  ever  appeared.  As  may  be  expected  from  the 
title,  the  book  is  grossly  sensational,  and  in  speaking  of  water, 
the  author  says — "  The  filthy  and  unwholesome  water  supplied 
from  the  Thames,  of  which  the  delicate  citizens  of  Westminster 
fill  their  tanks  and  stomachs  at  the  very  spot  where-  one  hundred 
thousand  cloacinae,  containing  every  species  of  filth  and  all  un- 
utterable things,  and  strongly  impregnated  with  gas,  the  refuse 
and  drainage  of  hospitals,  slaughter-houses,  colour,  lead,  and 
soap  works,  drug  mills,  manufactories,  and  dunghills,  daily  dis- 
charge their  abominable  contents,  is  so  fearful  that  we  see  there  is 
no  wisdom  in  the  well,  and  if  we  then  fly  to  wine  we  find  no  truth 
in  that  liquid.  Bread  turns  out  to  be  a  crutch  to  help  us  onward 
to  the  grave,  instead  of  being  the  staff"  of  life.  In  porter  there 
is  no  supj)ort,  in  cordials  no  consolation,  in  almost  everything 
poison,  and  in  scarcely  any  medicine  cure."  In  another  place 
he  ascribes  the  sudden  deaths  of  people  in  the  streets,  &c.,  to  the 
adulteration  of  their  food.  Among  the  sophistications  of  beer 
he  enumerates,  following  Accum,  cocculus  indicus,  St.  Ignatius 
bean,  nux  vomica,  tobacco,  and  extract  of  poppies. 

§  33.  About  nine  years  after  Accum's  book  had  been  published 
in  England,  A.  Bussy  and  A.  T.  Boutron-Charlard  published  in 
France  a  work  of  considerable  merit  on  the  adulteration  of  drugs,* 
the  arrangement  of  which  is  strictly  alphabetical.  In  the  pi'eface, 
the  authors  assert  that  the  great  development  in  the  art  of 
adulteration  had  taken  place  particulai'ly  since  the  wars  of  the 
Republic  and  the  establishment  of  the  Continental  system,  and 
that  it  was  due  more  especially  to  the  action  of  the  government, 
who  encouraged  the  use  of  jjroducts  of  home  growth;  in  conse- 
quence of  which,  roots  grown  in  France  were  being  substituted 
for  those  of  foreign  oi'igin.  Chestnut  bark,  French  rhubarb,  and 
poppy  were  proposed  to  replace  the  quinine  of  Peru,  the  rhubarb 
of  China,  and  the  opium  of  the  Levant. 

Garnier  and  Harel,  in  1844,  published  their  treatise;-}-  a  well- 
written  work,  moderate  in  tone,  and  without  exaggeration.  A 
great  number  of  the  chemical  reactions  and  tests  mentioned  by 
them  are  in  actual  use  at  the  present  time.  Two  years  later, 
J.  B.  Friedrich,  in  Germany,  published  his  observations  on  the 
same  subject. J    The  arrangement  of  Friedrich's  work  is  alpha- 

*  Traite  des  moyens  de  reconnattre  les  falsifications  des  drogues,  simples  et 
composSes.    Par  A.  Bussy  et  A.  F.  Boutron-Charlard.    Paris,  1829. 

f  Des  falsifications  des  substances  aiimentaires  et  des  moyens  ckiiniques  de 
les  reconiiaUre.    Par  Jules  Garnier  et  Ch.  Harel.  Paris,  1844.     Small  8vo. 

X  Handbiich  der  Gesundhcilspolizei,  der  Speisen,  Getrankc,  iind  der  zu  Hirer 
Bereitung  gebrauchlichen  Ingredienten.  Herausaesebeu  von  J.  B.  Friedrich. 
Ausb:..  \  184G.  Svo. 
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betical.  He  paid  much  attention  to  the  composition  of  diseased 
milk;  and  although  he  made  little,  if  any,  use  of  the  microscope, 
the  chemical  details  of  the  work  are  superior  to  any  that  had 
hitherto  appeared  (see  article  on  "Milk"). 

§  34.  About  the  same  time,  after  more  than  twenty  years  had 
elapsed  since  the  publication  of  any  English  work — -Accum's 
being  the  last — the  subject  of  adulteration  was  revived  here  by 
John  Mitchell,*  who  published  what  must  be  considered  a  very 
useful  volume,  although  many  of  the  tests  he  gives  would  scarcely 
stand  the  ordeal  of  a  court  of  justice  at  the  present  day.  He 
states,  e.g.,  that  if  an  infusion  of  tea,  treated  with  sulphate  of 
copper,  and  heated,  throws  down  a  copious  chocolate  precipi- 
tate, "  hawthorn  "  is  present ;  if  the  infusion  becomes  of  a  bright 
green  colour  on  adding  caustic  soda,  sloe  leaft  is  probable;  but 
if,  on  the  addition  of  acetic  acid,  the  solution  possesses  a  very 
bright  colour,  "its  presence  is  certain."  Mr  Mitchell's  confidence 
in  these  reactions  is  amusing  ;  but,  on  the  other  hand,  the  greater 
number  of  his  observations  are  still  valid. 

§  35.  In  1850  Chevallier  issued  his  dictionary  of  adulteration,  J 
which,  through  successive  editions,  has  from  the  time  of  its  ap- 
pearance been,  par  excellence,  the  standard  French  work  on  the 
subject.  Many  years  before  the  publication  of  his  great  work, 
however,  M.  Chevallier  had  practically  studied  the  qiiestion,  as 
is  proved  by  documentary  evidence,  and  by  his  numerous  repre- 
sentations to  the  government  on  the  necessity  of  amending  the 
law.  In  a  petition  presented  to  the  National  Assembly  in  1848, 
he  .says  § — "Since  1833  I  have  constantly  addi-essed  to  the 
Chambers  of  Deputies  petitions  on  the  same  subject,  but  these 
petitions  have  ever  been  abortive,  and  fraud  has  progressively 
augmented."  The  first  edition  of  his  dictionary,  written  in  a 
clear  style,  contained  an  excellent  resume  of  what  was  already 
known  with  regard  to  falsifications,  and,  besides,  was  enriched 
with  many  new  facts — the  result  of  a  long  experience. 

In  the  same  year,  1850,  Alphonse  Normandy,  who  published  the 

*  "Treatise  on  the  Falsifications  of  Food,  with  tbe  Chemical  Means  em- 
ployed to  detect  them."    By  John  Mitchell,  F.C.S.    London,  1848. 

t  The  belief  in  the  adulteration  of  tea  by  the  leaves  of  the  sloe  is  almost 
contemporaneous  with  the  introduction  of  tea  itself  into  England,  and 
there  are  numerous  allusions  to  the  practice  scattered  throughout  the 
various  fugitive  contributions  to  literature.  However,  that  tea  has  been 
actually  adulterated  with  sloe  leaves  rests  on  no  dirccb  evidence  worthy  of 
consideration. 

t  fJictionnaire  dea  altdrations  et  des  falsifications  des  substances  alimentaires. 
Par  M.  A.  Chevallier.    Paris,  1st  e<l'.,  1850. 

§  Petition  sur  les  falsifications,  adressce  a  VassemhUe  nationale.  Far  A. 
ChevalUer.  1848. 
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results  of  thirteen  years'  labour  in  a  "  Handbook  of  Commercial 
Analysis,"  was  one  of  the  first  who  recommended  the  use  of  the 
microscope  for  the  detection  and  discrimination  of  starches  :  "  The 
admixture  of  potato  floiir-  or  fecula  with  wheat  flour  may  be  very 
well  detected  by  the  microscope,"  p.  210.  The  scope  of  his  work 
embraced  not  only  the  analysis  of  food,  but  also  the  examination  of 
a  variety  of  commercial  substances,*  such  as  ores,  agricultural 
manures,  soaps,  &c.  The  arrangement  is  alphabetical ;  successive 
editions  have  brought  the  work  to  the  present  time. 

§  36.  A  year  after  the  appearance  of  Normandy's  English 
and  Chevallier's  French  works,  appeared  the  papers  of  Dr. 
Hassall,  in  the  pages  of  the  Lancet,  as  already  mentioned.  The 
publication  of  these  papers  marked  a  new  era  in  legal  medicine 
and  the  investigation  of  foods,  and  the  technical  application  of 
the  microscope  was  fully  developed  in  the  English  use.  It  was 
not  so,  however,  among  Continental  chemists,  for  Hiireaux, 
in  his  " Histoire  des  Falsifications,"  published  in  1855,  scarcely 
mentions  the  microscope,  although,  so  far  as  chemical  tests 
go,  his  work  leaves  nothing  to  be  desired.  This  is  the  more 
curious,  since  the  author  was  aware  of  the  evidence  given 
before  the  Select  Committee,  as  is  obvious  from  more  than  one 
reference. 

§  37.  In  1874  a  movement  took  place  in  England,  the  effect  of 
which  has  been  to  give  an  extraordinary  stimulus  to  analytical 
chemistry — viz.,  the  establishment  of  the  Society  of  Public 
Analysts.  The  movement  originated  with  a  few  of  the  leading 
analysts,  who,  after  one  or  two  private  meetings,  called  a  general 
gathering,  which  all  those  engaged  in  actual  practice  were  invited 
to  attend.  This  meeting  took  place  at  the  Cannon  Street  Hotel 
in  August,  1874 ;  and  in  a  few  months  the  society  was  fully 
organised,  and  a  definition  of  adulteration  within  certain 
"limits"  had  been  laid  down  as  follows  for  the  guidance  of 
members  : — 

DEFINITION  OF  AN  ADULTERATED  AETICLE. 

An  article  shall  be  deemed  to  be  adulterated — 
A.  In  the  case  of  food  or  drink  : — 

1.  If  it  contain  any  ingredient  which  may  render  such  article  injurious  to 
the  health  of  a  consumer. 

2.  If  it  contain  any  substance  that  sensibly  increases  its  weight,  bulk,  or 
strength,  or  gives  it  a  fictitious  value,  unless  the  amount  of  such  sub- 
stance present  be  due  to  circumstances  necessarily  appertaining  to  its 
collection  or  manufacture,  or  be  necessary  for  its  ])reservation,  or  unless 
the  presence  thereof  be  acknowledged  at  the  time  of  sale. 

♦  "A  Handbook  of  Commercial  Analysis."  By  A.  Normandy.  London, 
1850. 
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3.  If  any  important  constituent  has  been  wholly  or  in  part  abstracted  or 
omitted,  unless  acknowledgment  of  such  abstraction  or  omission  be 
made  at  the  time  of  sale. 
4  If  it  be  an  imitation  of,  or  be  sold  under  the  name  o^  another  article. 
B.  In  the  case  of  drugs : — 

1.  If  when  retailed  for  medicinal  purposes  under  a  name  recognised  in  the 
British  Pharmacopoeia,  it  be  not  equal  in  strength  and  purity  to  the 
standard  laid  down  in  that  work. 

2.  If  when  sold  under  a  name  not  recognised  in  the  British  Pharmacopoeia, 
it  differ  materially  from  the  standard  laid  down  in  approved  works  on 
Materia  Medica,  or  the  professed  standard  under  which  it  is  sold. 

LIMITS. 

The  following  shall  be  deemed  limits  for  the  respective  articles  referred 
to  :— 

Milk  shaU  contain  not  less  than  9-0  per  cent.,  by  weight,  of  milk  solids 

not  fat,  and  not  less  than  2  '5  per  cent,  of  butter  fat. 
Skim  Milk  shall  contain  not  less  than  9"0  per  cent.,  by  weight,  of  milk 

solids  "not  fat. 

Butter  shall  contain  not  less  than  80  "0  per  cent,  of  butter  fat. 

Tea  shall  not  contain  more  than  8  0  per  cent,  of  mineral  matter,  calculated 
on  the  tea  dried  at  100°  C,  of  which  at  least  3'0  per  cent,  shall  be 
soluble  in  water,  and  the  tea  as  sold  shall  yield  at  least  30 '0  per  cent,  of 
extract. 

Cocoa  shall  contain  at  least  20  per  cent,  of  cocoa-fat. 

Vinegar  shall  contain  not  less  than  3"0  per  cent,  of  acetic  acid. 

The  "proceedings,"  which  appeared  first  in  the  Chemical  News, 
were  afterwards  published  in  the  special  organ  of  the  Society — 
the  Analyst — throughout  the  pages  of  which  will  be  found  details 
of  numerous  processes,  discoveries,  and  improvements  in  practical 
chemistry,  which  it  is  certain  would,  for  the  most  part,  not  have 
been  invented  or  known  had  there  been  no  such  encouraging 
organisation.  With  this  brief  account  of  the  establishment 
among  us  of  the  Society  of  Public  Analysts,  we  may  bring  our 
sketch  to  a  close. 

The  following  is  a  fairly  complete  list  of  works  discussing  the 
adulteration  of  food  as  a  whole.  A  list  of  treatises  on  single 
articles  will  be  given  in  the  bibliographies  at  the  end  of  each 
chapter. 


§  38.— A  LIST  OF  GENERAL  TREATISES  ON  ADULTERATION 
CHRONOLOGICALLY  ARRANGED. 

Boyle,  Robkrt.  — "  Medicina  Hydrostatica  ;  or  Hydrostatics  applied  to 

Materia  Medica."    London,  8vo,  1G90. 
Sande,  .J.  Vandkn. — "Les  falsifications  dcs  mCdicaments  de'voilfies."  La 

Haye,  1784. 

Favre,  A.  P. — "  De  la  sophistication  dcs  substances  mCdicamenteusea  et 
des  moyens  do  la  reconnaitre."    Paris,  1812,  in  8vo. 
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AccuM,  Fred. — "A  Treatise  on  Adulteration  of  Foods  and  Culinary 
Poisons."    London,  1820. 

Ebermayee,  Ch.  —  "  Manuel  des  pharmaciens  et  des  droguistes,  ou  traitS  des 
caracteres  distinctifs  des  alt5rations  et  sophistications  des  medi- 
caments." Traduction  par  J.  B.  Kapeler  et  J.  B.  Caventou,  Paris, 
1821,  2  Vols.,  in  8vo. 

Branchi,  Giuseppe. — "Sulla  falsificazione  delle  sostanze  specialmente  medi- 
cinali  e  sui  mezzi  atti  ad  scoprirli."    Piza,  1828. 

Desmabest. — "  Traite  des  falsifications,  ou  expos§  des  diverses  manieres 
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YL— THE  PRESENT  LAW  IN  ENGLAND  RELATIVE 
TO  ADULTERATION  OF  FOOD. 

The  Sale  of  Food  and  Drugs  Act,  38  and  39  Vic,  c.  63,  1878;  and 
Sale  of  Food  and  Drugs  Act  Amendment,  1879,  42  and  43  Vic,  c.  30. 

§  39.  The  preamble  of  the  "  Sale  of  Food  and  Drugs  Act" 
repeals  the  Acts  in  force  relating  to  the  adulteration  of  food. 

Section  2  defines  the  term  food  to  include  every  article  used 
for  food  or  drink  by  man,  and  the  term  '  drug'  to  include  every 
medicine  for  external  or  internal  use.* 

r  *  The  Prize  Essay  of  Mr.  Wigner,  "  On  a  Law  to  prevent  Adulteration  in 
America,"  contains  the  following  definitive  clauses,  which  are  a  decided  im- 
provement on  the  English  Act,  and  have  been  in  great  part  adopted  in  the 
American  Act : — 

A. — In  the  Case  of  Drugs. 
A  drug  shall  be  held  to  be  adulterated, 

1.  If  when  sold  under  or  by  a  name  recognised  in  the  United  States  Phar- 
macopoeia, it  dififers  from  the  standard  in  strength,  quality,  or  purity  laid 
down  therein. 

2.  If  when  sold  under  or  by  a  name  not  recognised  in  the  United  States 
Pharmacopoeia,  but  which  is  found  in  some  other  Pharmacopoeia  or  other 
standard  work  on  materia  medica,  it  differs  materially  from  the  standard  of 
strength,  quality,  or  purity  laid  down  in  such  work. 

3.  If  its  strength  or  purity  fall  below  the  professed  standard  under  whick 
it  is  sold. 

B.— In  the  Case  or  Food  or  Drink. 
The  article  shall  be  held  to  be  adulterated, 

1.  If  any  substance,  or  any  substances,  has  or  have  been  mixed  with  it, 
so  as  to  reduce  or  lower,  or  injuriously  affect  its  quality,  strength,  purity,  or 
true  value. 

2.  If  any  inferior  or  cheaper  substance,  or  substances  have  been  substi- 
tuted wholly  or  in  part  for  the  article. 

3.  If  any  valuable  constituent  of  the  article  has  been  wholly  or  in  part 
abstracted. 

4.  If  it  be  an  imitation  of,  or  be  sold  under  the  name  of  another  article. 

5.  If  it  consists  wholly  or  in  part  of  a  diseased,  or  decomposed,  or  putrid. 
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Section  3.  No  person  shall  mix,  colour,  stain,  or  powder,  or 
order  or  permit  any  other  person  to  mix,  colour,  stain,  or  powder, 
any  article  of  food,  with  any  ingredient  or  material  so  as  to 
render  the  article  injurious  to  health,  with  intent  that  the  same 
may  be  sold  in  that  state  ;  and  no  person  shall  sell  any  such 
article  so  mixed,  coloured,  stained,  or  powdered,  under  a  penalty 
in  each  case  not  exceeding  fifty  pounds  for  the  first  off"ence  : 
Every  offence  after  a  conviction  for  the  first  offence  shall  be  a 
misdemeanour,  for  which  the  person,  on  conviction,  shall  be 
imprisoned  for  a  period  not  exceeding  six  months  with  hard 
labour. 

Section  4  is  very  similar  to  this,  and  relates  to  drugs  :  "  No 
person  shall,  except  for  the  purpose  of  compounding  as  herein- 
after described,  mix,  colour,  stain,  or  powder,  &c.,  &c.,  any  drug 
with  any  ingredient  or  material  so  as  to  affect  injuriously  the 
quality  or  potency  of  such  drug,  with  intent  that  the  same  may 
be  sold  in  that  state,  and  no  person  shall  sell  any  such  drug  so 
mixed,  coloured,  stained,  or  powdered,  under  the  same  penalty 
in  each  case  respectively  as  in  the  preceding  section,  for  a  first 
and  subsequent  offence." 

The  sections  above  quoted,  formidable  as  they  appear,  possess 
in  reality  no  deterrent  powers,  but  are  perfectly  li armless, 
since  no  prosecution  is  likely  to  succeed  under  these  sec- 
tions, save  when  supported  by  very  exceptional  circumstances  ; 
for  the  next  section  expressly  provides  that  no  conviction 
is  to  take  place  if  the  pei'son  accused  "  did  not  know  of  the  article 
of  food  or  drug  sold  by  him  being  so  mixed,  coloured,  stained,  or 
powdered,"  and  were  able  to  show  that  he  "  could  not  with 
reasonable  diligence  have  obtained  that  knowledge." 

§  40.  The  real  working  sections  of  the  Act  are  the  following : — 

Section  6.  No  person  shall  sell,  to  the  j)Tejudice  of  the  purclMser , 
any  article  of  food  or  any  drug  which  is  not  of  the  nature, 
substance,  and  quality  of  the  article  demanded  by  such  purchaser, 
under  a  penalty  not  exceeding  twenty  pounds,  provided  that  an 
offence  shall  not  be  deemed  to  be  committed  under  this  section 
in  the  following  cases,  that  is  to  say  : — 

1.  Where  any  matter  or  any  ingredient,  not  injurious  to 
health,  has  been  added  to  the  food  or  drug,  because  the  same  is 

or  rotten  animal  or  vegetable  substance,  whether  manufactuied  or  not  ;  or 
in  the  case  of  milk,  if  it  is  the  produce  of  a  diseased  animal. 

fi.  If  it  be  coloured,  or  coated,  or  polishe<l.  or  powdered,  whereby  dama^'o 
is  concealed,  or  it  is  made  to  appear  better  than  it  really  is,  or  of  greater 
value. 

7.  If  it  contain  any  added  poisonous  ingredient,  or  any  incrredient  which 
may  render  such  article  injurious  to  the  health  of  the  person  couauming  it. 


48 


foods:  their  composition  and  analysis.        [§  40. 


required  for  the  production  or  preparation  thereof  as  an  article 
of  commerce,  in  a  state  fit  for  carriage  or  consumption,  and  not 
.  fraudulently  to  increase  the  bulk,  weight,  or  measure  of  the  food 
or  drug,  or  conceal  the  quality  thereof  : 

2.  Where  the  drug  is  a  proprietary  medicine,  or  is  the  subject 
of  a  patent  in  force,  and  is  supplied  in  the  state  required  by  the 
specification  of  the  patent  : 

3.  Where  the  food  or  drug  is  compounded  as  in  this  Act 
mentioned  : 

4.  Where  the  food  or  drug  is  unavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  preparation. 

In  the  amended  Act,  the  second  section,  41  and  42  Vic,  c.  30, 
states  that  in  any  pi'osecution  under  the  provisions  of  the  princi- 
pal Act  for  selling  to  the  prejudice  of  the  purchaser  any  article  of 
food  or  any  di'ug,  which  is  not  of  the  nature,  &c.,  it  shall  be  no 
defence  to  any  such  prosecution  to  allege  that  the  purchaser, 
having  bought  only  for  analysis,  was  not  prejudiced  by  such  sale. 
Neither  shall  it  be  a  good  defence  to  prove  that  the  article  in 
question,  though  defective  in  nature  or  substance  or  quality,  was 
not  defective  in  all  three  respects. 

The  sixth  section  of  the  amended  Act  is  to  be  read  with  the 
sixth  section  of  the  principal  Act,  for  it  states  that  "  In  deter- 
mining whether  an  offence  has  been  committed  under  section  six 
of  the  said  Act,  by  selling  to  the  prejudice  of  the  purchaser 
spirits  not  adulterated  otherwise  than  by  the  admixture  of  water, 
it  shall  be  a  good  defence  to  pi'ove  that  such  admixture  has  not 
reduced  the  spirit  more  than  twenty-five  degrees  under  proof  for 
brandy,  whisky,  or  rum,  or  thirty-five  degrees  under  proof  for 
gin." 

Section  7  of  the  principal  Act  enacts  that  "No  person  shall 
sell  any  compound  article  of  food  or  compounded  drug,  which  is 
not  composed  of  ingredients  in  accordance  with  the  demand  of 
the  purchaser  ;  penalty  not  exceeding  £20." 

Section  8  provided  "  That  no  person  shall  be  giiilty  of  any 
such  offence  as  aforesaid  in  respect  of  the  sale  of  an  ai-ticle  of  food 
or  a  drug  mixed  with  any  matter  or  ingredient  not  injurious  to 
health,  and  not  intended  fraudulently  to  increase  its  bulk,  weight, 
or  measure,  or  conceal  its  inferior  quality,  if  at  the  time  of 
delivering  such  article  or  drug  ho  shall  supply  to  the  person 
receiving  the  same  a  notice  by  a  label  distinctly  and  legibly 
written  or  printed  on  or  with  the  article  or  drug,  to  the  eflfect 
that  the  same  is  mixed." 

Section  9  enacts  "  That  no  person  shall,  with  the  intent  that 
tlie  same  may  be  sold  in  its  altered  state  without  notice,  abstract 
from  an  article  of  food  any  part  of  it  so  as  to  afi"ect  injuriously  its 


§41.]  THE  PRESENT  LAW  AS  TO  ADULTERATION.  49 


quality,  substance,  or  natux-e,  and  no  person  shall  sell  any  article 
so  altered  without  making  disclosure  of  the  alteration,  under  a 
penalty  in  each  case  not  exceeding  £20." 

§  41.  One  of  the  chief  loopholes  which  offenders  against  the 
Act  have  diligently  availed  themselves  of  is  the  label  section, 
Section  8.  A  label  will  often  have  a  description  of  the  article  in 
large  letters,  such  as  COCOA,  COFFEE,  <fec.,  and  then  in 
miserably  small  type  a  statement  that  the  article  is  mixed.  In 
the  case  of  Liddiard  v.  Keece,  a  grocer  had  sold  half  a  pound  of  a 
mixture  of  coffee  and  chicory  to  an  inspector ;  the  mixture  was 
contained  in  a  canister,  and  was  duly  weighed,  and  the  full  price 
of  coffee  was  paid  for  it.  After  the  sale  had  been  completed,  the 
purchaser  informed  the  appellant  that  he  intended  to  have  the 
article  analysed.  Thereupon,  while  the  packet  was  still  on  the 
counter,  the  appellant  called  the  purchaser's  attention  to  the  label, 
on  which  the  purchaser  noticed  for  the  first  time  the  words 
"  This  is  sold  as  a  mixture  of  chicory  and  coffee,"  printed  in 
distinct  and  legible  characters.  The  label  was  affixed  in  a  con- 
spicuous position  on  the  outside  of  the  packet.  The  purchaser 
then  said  that  he  had  asked  for  "coffee," and  not  for  "chicory  and 
coffee."  The  mixture  was  found  by  the  analyst  to  consist  of  60 
parts  coffee  and  40  parts  chicory.  On  the  hearing  of  the  case 
before  the  magistrates,  they  convicted  the  vendor  on  the  follow- 
ing grounds  : — "  The  fact  that  the  purchaser  asked  for  coffee  and 
was  supplied  with  an  article  consisting  of  only  60  per  cent, 
coffee  and  40  per  cent,  chicory,  without  having  his  attention 
called  to  the  label  ;  and  without,  in  fact,  seeing  it  until  the 
purchase  was  completed,  and  also  the  fact  that  the  price  he  paid 
for  the  said  article  was  a  usual  and  fair  price  for  pure  coffee,  and 
much  more  than  would  have  been  given  for  coffee  mixed  with 
chicory  to  the  above  extent  .  .  .  and  that,  therefore,  the 
appellant  was  not  protected  by  the  said  eighth  section." 

On  appeal  the  case  was  decided  in  the  Cour-t  of  Queen's  Bench, 
November  29,  1879,  before  Justices  Lush  and  Manisty,  who 
quite  agreed  with  the  magistrates  on  their  finding,  and  the  con- 
viction was  affirmed.* 

*  This  case  probably  overthrows  the  case  reported  in  the  Times,  June  8, 
1879,  Gibson  v.  Leapcr,  a  prosecution  undertaken  under  the  old  Act,  35  and 
36  Vic,  c.  74,  sections  2  and  3.  On  conviction  the  vendor  appealed.  The 
case  was  that  of  a  Spalding  grocer,  who  sold  a  packet  of  "Epps's  Cocoa"  with- 
out making  any  verbal  statement  of  its  contents.  The  packet  was  labelled 
with  the  words  "  prepared  cocoa — for  ingredients,  see  the  other  side,"  and  on 
the  other  side  was  a  notification  to  the  ell'ect  that  it  was  necessary  in  order  to 
make  the  oil  in  the  cocoa  soluble  and  easy  of  digcstiou,  to  combine  with  it 
arrowroot  and  sugar.  The  court  quashed  the  conviction,  holding  that  assum- 
ing the  cocoa  to  be  adulterated,  it  had  not  been  sold  as  unadulterated.    lu  tho 
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From  this  important  decision  it  is  evident,  that  if  a  person 
asks  for  any  substance,  such  as  coffee,  and  the  coffee  is  handed 
to  him  and  found  to  be  labelled,  such  label  containing  words 
relative  to  its  being  a  mixture,  yet  that  such  label  does  not  pro- 
tect the  vendor,  unless  he  has  previously  called  the  purchaser's 
attention  to  it ;  in  like  manner,  any  verbal  declaration  is  no  pro- 
tection unless  it  is  uttered  before  the  sale  is  completed.  The  sale, 
again,  is  evidently  not  completed  until  the  goods  are  delivered 
into  the  purchaser's  hand,  and  the  vendor  has  received  the 
money.  Should  a  person  buy  any  substance  in  a  shop,  and  (after 
having  tendered  his  money,  and  the  same  has  been  accepted) 
proceed  to  state  that  the  article  is  required  for  analysis,  and  the 
vendor  then  attempt  to  return  the  money :  if  the  purchaser  does 
not  accept  the  money,  the  sale  is  evidently  complete.  On  the 
other  hand — an  inspector  went  into  a  druggist's  shop  and  asked 
for  quinine  wine.  The  chemist  served  him  with  the  wine, 
wrapped  it  up,  and  laid  it  on  the  counter.  The  inspector  then 
produced  his  bottles,  and  declaring  the  nature  of  his  errand,  was 
about  to  divide  the  wine  into  three  parts,  when  the  druggist 
seized  the  bottle  and  refused  to  sell  the  wine,  which,  a  moment 
before,  by  his  actions  he  seemed  ready  to  do.  In  this  case,  the 
sale  was  not  complete.  But  now,  let  us  suppose  that  the 
inspector  had  been  a  little  quicker  than  the  chemist,  and  seized 
the  sample,  and,  notwithstanding  the  expressed  refusal  of  the 
druggist  to  sell,  the  inspector  had  cast  his  money  on  the  counter 
— Would  the  drug  have  been  sold  1  This  question  is  somewhat 
difficult  to  answer,  but  I  think  that  it  would  have  been  a  sale, 
and,  if  adulteration  had  been  proved,  the  vendor  would  probably 
not  have  escaped  through  adopting  the  defence  that  there  had 
been  "  no  sale."* 

In  the  case  of  a  gi'ocer  who  sold  adulterated  coffee,  the  vendor 
had  received  the  money,  and  had  laid  the  packet  and  also  the  change 

case  of  Pope  v.  Turle  (43,  Law  Journal),  May  28,  1874,  the  Justices  of  Bed- 
ford dismissed  a  summons  for  selling  adulterated  mustard,  and  the  purchaser 
appealed.  It  was  stated  in  the  case  that  at  the  time  the  respondent  delivered 
the  mustard  to  the  appellant  he  said:  "I  do  not  sell  you  this  as  pure 
mustard."  The  mustard  Avas  found  to  be  the  common  mixture  of  flour  and 
mustard.  Lord  Coleridge,  Mr  Justice  Brett,  and  Mr  Justice  Grove,  were 
undivided  in  their  opinion  that  the  seller  was  entitled  to  their  judgment  on 
the  ground  of  his  having  declared  to  the  i)urchaser  that  the  mustard  was 
mixed  with  some  other  ingredient,  and  that,  even  had  he  not  done  so,  he 
could  not  come  within  the  section  to  incur  the  peualtj',  because  if  the 
admixture  was  s\ich  as  to  make  it  an  adulterated  article,  still  he  had  not 
sold  it  as  an  unadulterated  article. 

*  In  auy  case,  the  druggist  might  have  been  prosecuted  under  sect.  17  of 
the  principal  Act,  for  refusing  to  sell. 
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on  the  counter,  but  on  hearing  the  ei'rand  of  the  purchaser  lie 
laid  his  hand  on  the  change  and  the  jiacket,  declaring  that  the 
sale  was  not. complete,  as  he  had  not  given  the  change,  and  also 
that  he  did  not  sell  the  goods  as  unadulterated.  But  the  magis- 
trates very  properly  did  not  admit  the  defence. 

§  42.  There  is  an  important  question  as  to  how  far  a  vendor 
can  be  protected  by  having  a  boai-d  in  or  over  his  shop  or  place 
of  business,  giving  notice  to  the  effect  that  all  the  goods  are 
adulterated. 

The  English  law  is  made  for  those  who  cannot  read  as  well  as 
for  those  who  can:  and  pi-esuming  a  purchaser  to  be  uneducated, 
the  notice  gives  him  no  information.  Again,  it  is  certain  that 
a  very  large  number  of  purchasers,  even  should  the  notice  be  in 
a  conspicuous  place,  fail  to  observe  it.  In  most  cases  in  actual 
practice  such  notices  are  a  distinct  evasion  of  the  Act,  being 
inconspicuous,  and  in  dark  corners. 

A  seller  of  milk  had  a  van  on  which  a  notice  was  placed, 
"  Country  skimmed  milk,  sold  as  adulterated  milk."  The  man 
with  his  can  went  .on  foot  fi'om  door  to  door,  the  van  being  in 
the  road.  It  is  evident  that,  in  such  a  case,  veiy  few  of  the 
customers  could  have  seen  the  label.  An  inspector  who  bought 
a  sample  of  the  milk  did  not  see  it,  and  the  magistrate  convicted 
the  defendant.*  The  important  appeal  case  of  Sandys  v.  Small, 
decided  before  the  Court  of  Queen's  Bench,  June  25,  1878,  bears 
upon  this,  and  lays  down  the  law.  A  publican  put  up  a  notice 
in  his  house  :  "  All  spirits  sold  here  are  mixed."  The  inspector 
of  weights  sent  a  messenger  to  buy  some  whisky,  which  was 
given  without  anything  more  being  said  on  either  side ;  but  the 
purchaser  admitted  that  before  he  bought  the  whisky  he  saw  the 
notice,  "  All  spirits  sold  here  are  mixed,  38  and  39  Vict.,  c.  63, 
sec.  8  and  9,"  although  at  the  very  moment  of  buying  the 
whisky  he  did  not  see  it.  It  was  proved  that  a  similar  notice 
was  posted  at  the  bar  window  in  full  view  of  persons  purchasing. 
Chief-Justice  Cockburn  said  : — "  If  the  seller  chooses  to  sell 
an  article  with  a  certain  admixture,  the  onus  lies  on  him  to 
prove  that  the  purchaser  knew  what  he  was  purchasing.  With 
respect  to  the  alteration  of  the  article,  the  Act  has  provided  him 
with  the  means  of  protecting  himself  against  such  a  presumi)tion, 
and  says  that  if  he  attaches  to  the  article  a  notice  of  the  altera- 
tion wliich  has  been  made  in  its  quality,  then  he  shall  be  pro- 
tected against  any  charge  of  an  offence  against  the  Act.  If  he 
does  not  resort  to  this  protection,  then  the  presunq)tion  of  law 
attaclies,  and  is  unrcbutted.    If  ho  can  show  that  he  brought 
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home  by  otlier  ways  to  the  knowledge  of  the  customer,  that  the 
quality  of  the  article  was  altered  by  admixture,  then  he  does  not 
commit  the  offence,  because  both  parties  knew  it,  and  the  seller 
does  not  sell  an  article  to  the  prejudice  of  the  purchaser,  and  the 
parties  are  perfectly  free  to  contract  on  that  footing.  In  that 
view  the  seller,  if  he  has  stuck  up  a  notice,  would  not  commit 
an  offence  though  he  might  not  have  affixed  a  label  to  the  bottle, 
because  he  did  not  sell  'to  the  prejudice  of  the  purchaser.' 

.  It  was  sufficiently  manifest  that  the  man  who  was  sent 
to  buy  the  whisky  knew  of  the  notice  stuck  up,  and  hence  it 
was  clear  that  the  defendant  committed  no  offence." 

From  this  judgment  it  is  sufficiently  evident  that  where  the 
general  label  or  notice  has  been  clearly  seen  and  understood 
before  making  the  purchase,  then  no  offence  is  committed.  The 
decision  of  Liddiard  v.  Reeoe  does  not  cover  exactly  the  same 
ground  as  the  case  just  quoted,  but  both,  I  think,  support  the 
view  here  put  forward — viz.,  that  the  defendant  is  bound  to 
prove  that  the  purchaser  had  a  clear  knowledge  of  the  quality 
of  the  goods  before  purchasing. 

§  43.  Section  10  provides  for  the  appointment  of  public 
analysts  in  England,  Scotland,  and  Ireland,  by  various  local 
bodies,  such  as,  in  England,  the  Commissioners  of  Sewers  for  the 
City  of  London,  the  Vestries  and  Local  Boards  of  the  Metropolis, 
the  Quarter  Sessions  of  Counties,  and  the  Town  Councils  of 
Boroughs  with  a  separate  police  establisliment ;  in  Scotland,  the 
Commissioners  of  Supply,  or  the  Commissioners  of  Boards  of 
Police,  or,  where  there  are  no  such  Commissionei-s,  the  Town 
Councils  of  Burghs;  and  in  Ireland,  the  Grand  Juries  of  the 
Coimties  and  the  Town  Councils  of  the  Boroughs. 

These  appointments  must  be  confirmed  by  a  central  authority, 
which,  in  England,  is  the  Local  Government  Board  ;  in  Scot- 
land, one  of  Her  Majesty's  Secretaries  of  State  ;  and  in  Ireland, 
the  Irish  Local  Government  Board.  The  appointment  is,  in  the 
first  instance,  permissive,  but  the  superintending  or  central 
authority  may  compel  the  apjiointment,  and  the  filling  of  any 
vacancy  appears  to  be  compulsory. 

The  qualifications  of  the  analyst  are,  to  a  certain  extent, 
defined  by  the  Act,  for  it  directs  that  there  shall  be  ajipointed 
"  one  or  more  persons  possessing  competent  knowledge,  skill, 
and  experience."  It  has  been  thought  that  the  person  appointed 
must  liave  liad  a  medical  education  ;  but  although  this  may  be 
desirable,  and  extremely  useful,  yet  it  is  certain  that  with  regard 
to  the  carrying  out  of  the  Act  itself,  the  best  qualifications  are 
those  of  a  chemical  and  scientific  nature.  A  board  selecting 
an  analyst  for  the  first  time  should  insist  more  especially  on 
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cliemical  experience,  as  evidenced  by  original  papers,  the  inven- 
tion of  processes  of  analysis,  and  practical  work  done  in  the 
laboratory  of  some  well-known  analyst.  It  is  a  most  serious 
thing  for  the  traders  of  a  town  or  county  to  be  at  the  mercy  of 
incompetence  or  inexperience,  and  many  of  the  appointments 
which  were  at  first  made  \inder  the  Act  were  so  notoriously 
unsuitable,  that  a  great  deal  of  undeserved  odium  was  thrown 
upon  the  whole  body  of  analysts.  Lately,  however,  the  "  survival 
of  the  fittest"  process  has  been  going  forward,  with  the  result  of 
a  great  improvement,  and  one  likely  to  be  continuous,  more 
especially  as  the  Local  Government  Board,  acting  under  skilled 
advice,  is  now  very  cautious  in  confirming  appointments,  and 
insists  upon  proper  qualifications. 

The  eleventh  section  distinctly  lays  down  the  principle  of  combi- 
nation, enacting  that  the  town  council  of  any  boi'ough  may  unite 
with  that  of  any  neighbouring  borough  in  ajipointing  an  analyst 
jointly  ;  or  the  analyst  for  the  county  in  which  the  borough  is 
situated  may  act  upon  arrangement  as  analyst  for  their  borough. 
Those  who  are  practically  acquainted  with  the  subject  know, 
that  it  is  only  in  the  largest  and  most  poj^ulous  places  in  Eng- 
land that  any  kind  of  living  can  be  made  out  of  a  public  analy- 
tical appointment.  Hence,  it  follows  that  an  analyst  for  a  small 
place  must  either  have  private  means,  or  that  his  chief  occupa- 
tion must  be  of  a  moi'e  remunerative  nature  ;  it  is,  therefore, 
highly  desirable  that  the  analysis  of  food  and  drugs  should  be 
in  a  few  hands  only,  and  that  an  analyst  shoiild  hold  many 
appointments  of  the  same  nature.  In  this  way,  and  in  this  way 
only,  will  it  be  possible  to  have  properly  fitted  laboratories, 
suj)plied  with  all  the  expensive  appliances  of  modern  reseai'ch, 
and  in  this  way  only  will  it  be  possible  to  improve  the  processes 
of  analysis.  It  is  also  a  fact,  from  the  very  few  cases  in  which 
an  experienced  analyst  has  to  attend  as  witness,  that  there  would 
be  no  inconvenience,  were  all  the  northern  counties  to  have  their 
samples  analysed  at  Sheflield,  Manchester,  or  York  ;  the  western 
and  soutli-westem  counties  at  Bristol  ;  and  the  rest  of  England 
at  the  London  laboratories.  Probably  also  the  whole  of  the 
Scotcli  samples  could  be  dealt  witli  in  Glasgow  and  Edinburgh, 
and  the  Irish,  in  like  manner,  in  two  of  the  chief  cities. 

§  44.  Section  12  of  tlie  principal  Act  provides  for  the  purchase 
of  samples  by  any  purchaser  for  analysis  by  the  public  analyst 
for  the  district  in  whicli  the  purchase  is  made,  on  payment  to 
sucli  analyst  of  a  sum  not  exceeding  ton  shillings  and  sixpence  ; 
or  if  there  is  no  analyst  appointed  for  the  district,  to  the  analyst 
of  another  place.  In  this  latter  case  tlie  fee  appears  to  be  a 
matter  of  private  arrangement,  for  the  words  of  the  Act  are — 
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"  such  sum  as  may  be  agreed  upon  between  such  person  and  the 
analyst."  In  either  case,  the  analyst  must  give  a  certificate  of 
his  results  to  the  piirchaser.  The  purchaser  must  also  purchase 
the  article  in  the  manner  directed  in  Section  14,  as  will  be 
shortly  detailed. 

It  is  evident  that,  for  legal  purposes,  the  ofiicial  analyst  must 
be  employed,  and  that  under  the  Act  no  prosecution  can  be  under- 
taken except  on  his  certificate.  Thus,  at  the  Manchester  Police 
Court,  the  Milk-Dealers'  Protection  Society  attempted  to  prose- 
cute on  the  certificate  of  a  private  analyst,  but  on  this  technical 
ground  alone  the  magistrate  dismissed  the  case.* 

The  author  believes  that  ■when  a  purchaser  comes  to  a  public 
analyst  with  a  sample  of  food,  and  desires  its  analysis  under  the 
Act,  the  analyst  must  assume  that  the  conditions  of  the  purchase 
under  the  fourteenth  section  have  been  complied  with,  and  cannot 
refuse  to  analyse  it ;  on  the  other  hand,  if  he  is  expressly  informed 
that  the  provisions  have  not  been  carried  out,  and  moreover  that, 
■whatever  his  certificate  may  be,  there  is  no  intention  of  proceeding 
further,  then  the  analyst  may  refuse  to  analyse  the  substance, 
under  the  Act,  and  the  question  of  analysis  will  be  a  matter  of 
private  arrangement  between  the  purchaser  and  the  analyst ; 
the  spirit  of  the  Act  being  to  prevent  fraud — not  to  encourage 
curiosity. 

§  45.  The  thirteenth  section  of  the  old  Act  and  the  third 
section  of  the  amended  Act  should  be  read  together  : — 

"  Any  medical  oflacer  of  health,  inspector  of  nuisances,  or 
inspector  of  weights  and  measures,  or  any  inspector  of  a  market, 
or  any  police-constable  under  the  direction  and  at  the  cost  of  the 
local  authority  appointing  such  oflicer,  inspector,  or  constable,  or 
charged  with  the  execution  of  this  Act,  may  procure  any  sample 
of  food  or  drugs,  and  if  he  suspect  the  same  to  have  been  sold  to 
him  contrary  to  any  provision  of  this  Act,  shall  submit  the  same 
to  be  analysed  by  the  analyst  of  the  district  or  place  for  which 
he  acts  ;  or  if  there  be  no  such  analyst  then  acting  for  such  place, 
to  the  analyst  of  another  place,  and  such  analyst  shall,  ujion 
receiving  payment  as  is  provided  in  the  last  section,  with  all 
convenient  speed,  analyse  the  same  and  give  a  certificate  to  such 
ofiicer,  wherein  he  shall  specify  the  result  of  the  analysis." 

By  Section  3  of  the  amended  Act  the  same  individuals  "may 
2->rocure  at  the  jilace  of  delivery  any  sample  of  any  milk  in  course 
of  delivery  to  the  purchaser  or  consignee,  in  pursuance  of  any 
contract  for  the  sale  to  such  purchaser  or  consignee  of  such  milk." 

Section  4  of  the  same  Act  provides  a  penalty  for  refusal  to 

*  Analyst,  1S79,  vol.  iv.,  p.  74. 
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submit  samples  of  milk  to  be  taken,  of  a  sum  not  exceeding 
£10.  _ 

Section  17  of  the  principal  Act  also  provides  a  penalty  not 
exceeding  .£10,  for  refusal  to  sell  to  the  persons  appointed  to 
carry  out  the  Act  any  "  article  of  food  or  any  drug  exposed  for 
sale,  or  on  sale  by  retail  on  any  premises,  or  in  any  shop  or 
stores.  The  purchaser  shall  tender  the  price  for  the  quantity 
which  he  shall  require  for  the  purpose  of  analysis,  not  being 
more  than  shall  be  reasonably  requisite." 

Any  street  or  place  of  public  resort  is  held  to  come  within  the 
meaning  of  this  section. 

It  is  perfectly  clear  from  the  sections  quoted,  that  if  a  sample 
be  taken  of  milk  in  transit,  that  sample  must  be  taken  at  the 
place  of  deliveiy.  If,  for  example,  a  milkman  is  driving  his  cart 
through  Oxford  Street,  it  would  not  be  legal  for  an  inspector  to 
stop  the  cart  and  require  a  sample  of  the  milk.  The  sample 
must  be  taken  at  the  place  where  the  milk  is  delivered.  This 
may  be  a  house,  or  it  may  be  a  railway-station,  or  it  may  be  a 
public  booth  where  the  milk  is  sold  at  so  much  a  glass. 

From  the  case  of  Crouch  v.  Hall  recently  heard  before  the 
Court  of  Queen's  Bench,  it  is  evident  that  in  procuring  samples 
at  the  place  of  delivery,  the  inspector  need  not  divide  the 
sample.  The  case  was  briefly  as  follows  : — The  inspector  was  at 
Eiiston  Station,  and  saw  a  can  of  milk  taken  from  the  van.  He 
accordingly  demanded  and  received  a  sample,  and  ti-eating  the 
porter  as  the  agent  of  the  respondent,  divided  the  milk  into  three 
parts,  and  gave  one  of  the  parts  to  the  porter,  telling  the  latter 
that  he  intended  to  have  the  milk  analysed.  He  took  no  steps 
to  inform  either  the  respondent  or  the  consignee  of  his  intention, 
but  on  finding  the  milk  adulterated  with  water  laid  his  informa- 
tion. The  case  was  dismissed  by  the  magistrate,  and  the 
inspector  appealed.  Mr.  Justice  Field  said  that  the  appeal  must 
be  allowed.  The  Court  was  clearly  of  opinion  that  the  railway 
porter  was  not  the  agent  of  the  respondent  within  the  provisions 
of  the  fourteenth  section,  nor  was  he  bound  to  accept  a  third  of  the 
sample  of  the  milk,  although  he  would  have  been  liable  to  a  penalty 
had  he  refused  to  supply  a  sample.  The  object  of  the  Act  was  to 
secure  to  the  public  a  supply  of  [)ure,  unadulterated  milk,  and  for 
that  purpose  it  was  liable  to  seizure  at  the  time  of  its  being  sold  by 
the  seller  or  his  agents,  provided  that  a  third  of  the  saiue  sample 
should  be  tendered  to  liim,  so  that  he  might  bo  enabled  to  have 
an  independent  analysis  to  show  whether  it  Avas  adulterated  or 
ncft.  But  as  milk  had  to  be  supplied  from  the  country,  and  it 
was  found  tiiat  a  hardship  was  often  inflicted  on  tlio  London 
seller,  to  whom  adulterated  milk  was  supplied  by  farmers,  it  was 


56  poods:  their  composition  and  analysis.        [§  46. 

enacted  by  the  Amendment  Act  of  1879,  42  and  43  Vict.  c.  30, 
that  the  inspector  should  have  the  power  of  seizing  the  milk  at 
the  place  of  delivery  to  the  consignee.  In  this  case,  although  the 
delivery  had  not  been  completed,  and  although  the  railway 
porter  could  not  be  held  to  be  the  agent  of  the  consignor,  the 
Court  was  of  opinion,  that  by  the  Amendment  Act  the  legislature 
did  not  intend  to  extend  to  the  consignor  that  piivilege  which 
was  afforded  under  the  previous  Act  to  the  seller,  namely,  that 
of  giving  him  a  third  of  the  sample  to  enable  him  to  obtain  an 
independent  analysis.  The  case  was  then  remitted  to  the 
magistrate  in  the  usual  form. 

§  46.  Section  14  fully  details  the  method  to  be  pursued  by  any 
purchaser  under  the  Sale  of  Food  and  Drugs  Act. 

The  person  purchasing  any  article  with  the  intention  of  sub- 
mitting the  same  to  be  analysed,  shall  after  the  purchase  shall 
have  been  completed,  forthwith  notify  to  the  seller  or  his  agent 
selling  the  article,  his  intention  to  have  the  same  analysed  by  the 
public  analyst,  and  shall  offer  to  divide  the  article  into  three  parts 
to  be  then  and  there  separated,  and  each  part  to  be  marked  and 
sealed  up  or  fastened  up,  as  its  nature  will  pei-mit,  and  shall  if 
required  to  do  so,  proceed  accordingly,  and  shall  deliver  one  of 
the  parts  to  the  seller  or  his  agent.  He  shall  afterwards  retain 
one  of  the  said  parts  for  future  comparison,  and  submit  the  third 
part,  if  he  deem  it  right  to  have  the  article  analysed,  to  the 
analyst. 

Section  15.  If  the  seller  or  his  agent  do  not  accept  the  offer  of 
the  purchaser  to  divide  the  article  purchased  in  his  presence, 
the  analyst  receiving  the  same  article  for  analysis  shall  divide 
the  same  into  two  parts,  and  shall  seal  or  fasten  up  one  of  those 
parts,  and  shall  cause  it  to  be  delivered,  either  upon  receipt  of 
tlie  sample,  or  when  he  supplies  his  cei-tificate  to  the  purchase!-, 
who  shall  retain  the  same  for  production,  in  case  i)roceeding&  shall 
afterwards  be  taken  in  the  matter. 

In  the  case  of  Horde  v.  Scott,  heard  in  the  Queen's  Bench 
division  before  Justices  Lush  and  Field,  on  the  4th  of  May, 
1880,  it  was  made  clear  that  an  inspector  could  appoint  a  deputy. 
Tlie  case  was  an  appeal  from  a  decision  of  justices  in  the  county 
of  Stafford.  An  inspector  under  the  Act  had  deputed  his 
assistant  to  purchase  a  sample  of  coffee,  which  was  duly  divided 
in  conformity  with  the  Act,  and  the  analyst  certified  to  its 
adulteration  with  chicory.  The  magistrates,  however,  considei-ed 
that  as  the  proceedings  Avere  initiated  by  the  inspector  in  his 
official  capacity,  he,  having  laid  the  information,  and  havitig 
regard  to  sections  13,  14,  and  17  of  the  Act,  should  personally 
have  purchased  the  article,  and  the  case  was  dismissed.  This, 
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Mr.  Justice  Field  said,  was  entirely  wrong  : — "  It  did  not  signify 
wliether  the  inspector  purchased  by  his  own  hand  or  by  his 
agent.  Then  the  magistrates  had  decided,  secondly,  that 
Samuel  Toy,  being  the  purchaser,  should  have  submitted  the 
article  to  the  county  analyst ;  there  again  he  thought  the 
magistrates  were  wrong.  ...  If  the  thing  were  properly 
analysed,  it  does  not  signify  through  whose  hands  the  article  was 
bought." 

On  the  purchase  of  an  article  it  is  evidently  essential  to  say, 
not  only  that  it  is  the  purchaser's  intention  to  have  it  analysed, 
but  "  analysed  by  the  public  analyst,"  care  being  taken  to  use 
the  exact  words  of  the  Act.  This  objection  has  been  several 
times  raised  with  effect.  When  a  deputy  purchases  samples, 
it  would  be  a  mistake  for  the  inspector  to  appear  and  seal  the 
samples.  This  had  better  be  left  to  the  purchaser,  who  can 
then  immediately,  or  at  any  subsequent  period,  hand  the 
samples  to  the  inspector,  by  whom  they  should  be  delivered  to 
the  analyst.  It  is  obvious  that  legal  proof  will  be  required  as 
to  the  proper  keeping  and  delivery  of  the  samples. 

It  has  been  argued  that  the  division  of  the  sample  into  three 
parts  means  three  equal  parts ;  but  there  is  no  direction  in  the 
Act  as  to  an  equal  division.  At  the  same  time,  should  the 
purchaser  leave  with  the  seller,  or  keep  himself  an  insuffi- 
cient quantity  for  any  further  analysis,  there  would  be  an 
infringement  of  the  spirit  of  the  Act ;  for  the  purpose  of  the 
division  evidently  is  to  provide  against  any  mistake  or  wrong 
interpretation  of  facts  on  the  part  of  the  analyst.  Should  another 
analysis  be  required,  it  would  not  be  right  that  the  seller  should 
be  put  at  a  disadvantage  by  any  marked  or  great  inequality  in 
the  divLsion  of  the  parts;  hence  it  will  be  prudent  for  purchasers 
to  divide  the  substance  into  three  parts  as  nearly  equal  as  may 
be,  but  it  is  unnecessary  to  use  for  this  purpose  balances  or 
measures. 

On  the  seller  or  his  agent  not  accepting  the  offer  of  the  pur- 
chaser to  divide  the  sample  into  three  parts,  it  becomes  the  duty 
of  the  analyst  to  divide  it  into  two  parts.  There  is  no  direct 
stipulation  as  to  when  this  is  to  be  done,  for  the  analyst  is 
permitted  to  keep,  if  he  chooses,  the  whole,  until  the  termination 
of  the  analysis  ;  but  it  is  evidently  the  course  most  free  from 
objection  to  divide  it  into  two  approximately  equal  parts 
immediately  on  receipt  of  the  sample,  to  seal  it  in  the  presence 
of  the  purchasej-,  and  deliver  one  of  the  parts  to  the  purcliaser. 

§  47.  Section  IG  permits  articles  to  be  sent  l)y  post  after  being 
duly  registered,  and  the  rostmaster-Ucnicral  has  made  the  follow- 
ing regulations  with  regard  to  the  transmission  of  samples : — 
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"Each  packet  must  be  addressed  according  to  the  official  designation 
of  the  analyst,  as 'public  analyst,'or  otherwise;  the  nature  of  its  con- 
tents must  be  stated  on  the  front  of  the  packet.  Any  postmaster, 
at  whose  office  a  packet  for  a  public  analyst  shall  be  tendered  for 
registration,  may  refuse  to  accept  it  for  this  purpose,  unless  it  be 
packed  in  so  secure  a  manner  as  to  render  it  at  least  unlikely 
that  its  contents  will  escape,  and  injure  the  correspondence. 
Liquids  for  analysis  shall  be  contained  in  stout  bottles  or  blad- 
ders, which  shall  be  enclosed  in  strong  wooden  boxes  with 
rounded  edges — the  boxes  being  covered  by  stout  wrappers  of 
paper  or  cloth,  and  no  such  packet  shall  exceed  eight  inches  in 
length,  four  in  width,  or  three  inches  in  depth.  No  packet  what- 
ever addressed  to  a  public  analyst  shall  exceed  the  dimensions  of 
eighteen  inches  in  length,  nine  inches  in  width,  or  six  inches  in 
depth.  The  postage  and  i*egistration-fee  on  each  packet  must  be 
prepaid." 

As  analyst  for  a  distant  county,  I  have  had  made  a  large  num- 
ber of  small  wooden  boxes  for  the  purpose  of  transmitting  sam- 
ples, and  these  I  have  supplied  to  the  inspectors.  In  this  way  E 
liave  received  samples  of  milk,  cream,  butter,  wines,  spirits,  and 
other  matters  through  the  post  for  the  last  three  or  four  years,  and 
no  difficulty  has  been  experienced.  There  are,  however,  bulky 
matters,  such  as  beer,  loaves  of  bread,  &c.,  in  which  the  trans- 
mission by  post  is  impossible,  and  it  is  a  pity  that  there  is  not 
some  provision  to  enable  such  articles  to  be  forwarded  by  rail. 
The  inspector  having  already  secured  a  sample  locally,  any 
possible  tampering  with  the  article  in  transit  would  be  easily 
detected. 

§  48.  Section  18  states  that  the  certificate  shall  be  in  the  form 
set  forth  in  the  schedule,  or  to  the  like  effect.  These  last  few  words 
are  important,  for  the  analyst  thereby  is  not  absolutely  confined 
to  the  certificate  in  the  schedule.  Notwithstanding  this,  it  is 
safer  to  adhere  strictly  to  the  exact  form  of  certificate,  and  not 
to  attempt  to  modify  it  in  any  way.  In  certifying,  the  more 
definite  the  certificate  is  the  better.  An  analyst  having  given  a 
certificate  as  follows  : — "A  sample  of  coffee  was  adulterated  with 
20  per  cent,  of  vegetable  matter,  whicli  I  believe  to  be  chicory," 
tlie  magistrate  dismissed  tlie  case,  on  the  simple  ground  of  "the 
loose  wording  of  the  certificate."  Probably  the  magistrate  was 
wrong,  for  if  tlie  words  meant  anything  at  all,  they  meant 
tliat  the  coflee  was  adulterated  witli  some  vegetable  ingredient 
that,  whatever  it  was,  was  not  coffee.  Nor  do  I  see  that  it  is 
essential  for  the  analyst  to  know  the  exact  nature  of  a  substance 
added,  so  long  as  he  is  perfectly  clear  tliat  the  substance  is 
foreign  to  the  article,  and  not  of  the  nature  that  the  purchaser 
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demanded.  It  is  obvious  that  coffee  may  be  adulterated  by  some 
foreign  root  which  no  analyst  has  ever  seen  or  heard  of;  and  it 
would  svirely  be  a  certificate  to  be  accepted  and  adjudicated  upon 
if  the  analyst  (under  these  circumstances)  were  to  certify,  "  This 
coffee  is  adulterated  with  20  per  cent,  of  vegetable  matter  which 
is  not  coffee,  but  the  exact  nature  of  which  is  unknown  to  me." 
Again,  an  analyst  certified — "  Practically,  all  chicory,"  and  the 
magistrates  dismissed  the  case  on  the  ground  of  "  the  loose  woi'd- 
ing  of  the  certificate."  Here  it  is  jirobable  that  the  magistrates 
were  right,  for  sucli  a  certificate  is  neither  in  the  form  nor  to 
the  effect  of  the  certificate  apjjended  in  the  schedule  to  the  Act, 
which  plainly  implies  that  where  there  is  advilteration,  the 
analyst  shall  state  the  percentages  of  parts.  It  is  true  that  the 
case  might  have  been  adjourned  for  the  attendance  of  the  analyst, 
or  the  certificate  might  have  been  amended,  but  nothing  in  the 
Act  contemplates  or  provides  for  any  inaccuracy  or  carelessness 
in  drawing  out  the  certificate. 

In  the  case  of  any  article  liable  to  decomposition,  the  analyst 
must  certify  specially  as  to  whether  "  anij  change  has  taken  jjlace  in 
the  constitution  of  the  article  that  would  interfere  loith  the  analysis." 
Milk  and  butter  are  specifically  mentioned,  but  the  rule  would 
evidently  apply  to  all  foods  preserved  in  tins,  provided  the 
tin  has  been  opened.  It  might  also  be  argued  that  many  other 
substances  (such  as  wine  or  beer)  are  liable  to  decomposition; 
hence,  it  will  be  better  for  the  analyst  to  give  this  matter  rather 
a  wide  interpretation,  and  insert  in  his  certificate  the  necessary 
words,  if  called  upon  to  certify  in  reference  to  any  substance 
that,  under  any  conditions,  is  liable  to  decompose.  The  exact 
words  must  be  used,  for  in  an  appeal  heai-d  at  the  Middlesex 
Sessions,  October,  1880,  Peart  v.  Edwards,  the  analyst  certified 
that  the  milk  was  fresh  when  delivered  to  hira,  but  omitted  to 
specify  whether  "any  change  had  taken  place  in  the  constitu- 
tion of  the  article,  so  as  to  interfere  with  the  analysis;"  and  on 
this  ground  the  assistant-judge  quashed  the  conviction. 

Section  19  provides  for  the  regular  quarterly  reports  of  the 
analyst,  copies  of  which  are  to  be  transmitted  to  the  Local  Govern- 
ment Board.  If,  as  in  many  cases,  no  work  at  all  has  been  done 
under  the  Act,  it  is  evidently  the  duty  of  the  analyst  to  send  a 
"nil"  report. 

Section  20  provides  for  tlic  institution  of  proceedings.  Tlie  Act 
says — "  Tlie  person  causing  analysis  may  take  proceedings."  He, 
therefore,  need  not  be  the  actual  purchaser;  and  it  is  usual  for 
an  inspector  to  take  the  summons  out  on  jaehalf  of  the  public 
body  for  whicli  he  acts. 

In  all  prosecutions  under  the  Act,  and  notwithstanding  the 
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section  just  quoted,  tlie  summons  must  be  served  within  a  reason- 
able time,  and  in  the  case  of  a  perishable  article,  e.g.,  milk,  not 
exceeding  twenty-eight  days  from  the  time  of  the  purchase,  etc. 
The  summons  must  state  the  particulars  of  the  offence  or  offences, 
and  also  the  name  of  the  prosecutor;  and  it  must  not  be  made 
returnable  in  less  than  seven  days  from  the  day  it  is  served  upon 
the  person  summoned. 

Section  21  of  the  principal  Act  provides  that  the  certificate 
of  the  analyst  shall  serve  as  evidence;  therefore,  unless  speci- 
ally required,  he  need  not  attend.  If,  however,  the  defendant 
require  the  analyst  to  be  called  as  a  witness,  he  will  then  be 
obliged  to  appear.  This  request  for  the  analyst  to  attend  may  be 
by  notice  from  either  the  solicitor  or  the  defendant  himself,  or  it 
may  be  by  request  in  court  at  the  first  hearing  of  the  case,  in 
•which  instance,  the  case  will  probably  have  to  be  adjourned. 
Such  notice  should  certainly  be  given  in  wiiting  to  the  analyst, 
but  still  it  is  not  advisable  to  ignore  a  verbal  request. 

§  49.  Section  22  provides  for  a  part  of  the  sample,  or  samples, 
to  be  analysed  at  Somerset  House,  in  case  of  an}'-  dispute  as  to 
the  correctness  of  the  analysis.  The  public  analysts  were  much 
opposed  at  first  to  the  reference  of  their  woi'k  to  the  laboratory 
at  Somerset  House,  but  it  must  be  confessed  that  hitherto  the 
clause  has  woi'ked  fairly  well;  and  although  mistakes  at  the 
Somerset  House  Laboratory  may  and  perhaps  do  occur,  the  work 
appears  to  be  done  there  with  the  greatest  care  and  conscientious- 
ness. Defendants,  notwithstanding  this  clause,  are  very  fond  of 
employing  private  analysts  for  the  defence:  certainly  a  most 
unwise  proceeding,  for  if  the  analj'sis  is  disputed,  power  is  given 
under  the  Act  to  refer  the  matter  to  a  laboratory,  which,  from 
the  very  nature  of  its  constitution,  will  be  perfectly  impartial, 
and  the  certificate  of  which  Avill  be  admitted  as  evidence. 

Section  23  provides  for  an  appeal  to  Quarter  Sessions. 

Section  25  gives  the  opportunity  to  the  defendant  to  prove  by 
written  warranty,  "  that  he  had  no  reason  to  believe  at  the  time 
when  he  sold  it  that  the  article  was  otherwise  than  of  the  natxire, 
quality,  &c.,  demanded;  that  he  sold  it  in  the  same  state  as  when 
he  purchased  it."  On  proof  of  this,  the  defendant  may  be  dis- 
chai'ged  from  the  prosecution,  but  he  will  liave  to  pay  costs, 
unless  he  has  given  notice  to  the  prosecutor  that  he  will  adopt 
this  line  of  defence. 

In  the  case  of  Rook  v.  Hopley,  it  was  decided  that  an  invoice 
containing  a  description  of  an  article  sold  to  a  retail  dealer  is 
not  such  a  written  warranty  as  is  required  by  Section  25 ;  and  a 
retaU  dealer  who  sells  an  adulterated  article  in  the  same  state 
as  he  jjurchased  it  will  not,  by  virtue  of  such  a  document,  be 
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entitled  to  be  discliarged  on  being  summoned  before  a  magis- 
trate. 

Section  26  provides  for  tlie  payment  of  penalties  recovered,  to 
the  authority,  for  the  purpose  of  defraying  the  expenses  of  the 
Act. 

Section  27  has  stringent  clauses  relative  to  pei'sons  convicted 
of  forging  wai-ranties,  wilfully  applying  a  certificate  or  warranty 
of  an  article  of  food  or  drug  to  any  other  article  of  food  or  drug, 
the  giving  of  a  false  warranty,  and  wilfully  giving  a  label  falsely 
describing  the  article  sold. 

This  latter  clause  of  the  section — viz.,  "Every  person  who  shall 
wilfully  give  a  label  with  any  article  sold  by  him,  which  shall 
falsely  describe  the  article  sold,  shall  be  guilty  of  an  offence  under 
this  Act,"  (fee. — would  apply  to  a  great  many  cases  of  adultera- 
tion in  which  the  article  is  wrongly  described  by  label;  but  it  is 
evident  that  guilty  knowledge  must  be  proved,  for  the  word 
"  wilfully"  presupposes  guilty  knowledge.  In  most  cases,  unless 
the  actual  manufacturer  were  summoned,  ignorance  would  be 
pleaded. 

Section  28  provides  that  nothing  in  the  Act  shall  affect  the  power 
of  proceeding  by  indictment,  or  take  away  any  other  remedy 
against  any  offender  under  the  Act,  or  in  any  way  interfere  with 
contracts  and  bargains  between  individuals,  and  the  rights  and 
remedies  belonging  thereto,  provided  that  in  any  action  brought 
by  any  person  for  a  breach  of  contract  on  the  sale  of  any  article 
of  food  or  any  drug,  such  person  may  recover  alone,  or  in  addition 
to  any  other  damages  recoverable  by  him,  the  amount  of  any 
penalty  in  which  he  may  have  been  convicted  under  this  Act, 
together  with  the  costs  paid  by  him  upon  such  conviction,  and 
those  incurred  by  him  in  and  about  his  defence  thereto,  if  he 
prove  that  the  article  or  drug,  the  subject  of  such  conviction,  was 
sold  to  him  as  and  for  an  article  or  drug  of  the  same  nature,  sub- 
stance, and  quality  as  that  whicli  was  demanded  of  him,  and  that 
lit:  purchased  it  not  knowing  it  to  be  otlierwise,  and  afterwards 
sold  it  in  the  same  state  in  which  he  purcliased  it — the  defendant, 
in  such  action,  being  nevertheless  at  liV)erty  to  prove  that  the 
conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  unreasonable. 

The  30th  section  of  the  Act  provides  for  the  examination  of 
tea  on  importation. 

The  effect  of  this  examination  has  been  so  good  that  adulterated 
tea,  in  comparison  with  the  period  before  the  Act,  has  decreased 
in  a  very  marked  degree. 
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VII.— THE  DUTY  OF  THE  INSPECTOR,  OR 
PURCHASER  UNDER  THE  ACT. 

§  50.  It  will  be  the  duty  of  tlie  inspectors  appointed  under  the 
Act  by  the  local  authority  employing  them,  to  take  and  submit 
samples  from  time  to  time  to  the  public  analyst,  and  it  will 
greatly  depend  on  their  intelligence  and  activity  whether  the 
Act  will  be  carried  out  properly  or  not. 

An  active  inspector,  if  he  is  not  known  when  he  commences 
the  work,  will  soon  become  so,  and  it  will  be  necessary  to  employ, 
as  a  rule,  deputies.  The  deputies,  it  is  hardly  necessary  to  state, 
should  not  be  children,  but  intelligent  adults  of  either  sex,  and 
they  should  be  carefully  instructed  in  the  "  purchase  clauses"  of 
the  Act,  and  taught  how  to  seal  and  pi-operly  divide  the  samples 
purchased.  It  will  be  necessary  for  the  official  purchaser  to 
carry  with  him  all  materials  for  properly  labelling  and  sealing 
samples.  A  convenient  bag  with  bottles,  jars,  wrapping  paper, 
wax  tapers,  matches,  sealing-wax,  and  an  official  seal,  will 
therefore  be  essential. 

The  sample  should  not  be  divided,  nor  any  declaration  made 
until  the  sale  is  absolutely  complete  and  the  sample  in  pos- 
session of  the  inspector ;  when  that  is  the  case,  the  exact  words 
of  the  Act  must  be  used,  and  he  must  say,  "  I  have  bought  this 
for  the  purjiose  of  having  it  analysed  by  the  public  analyst"  and 
then  he  must  offer  to  divide  it  into  three  parts,  which  he  will  at 
once  proceed  to  do,  unless  the  seller  decline  to  take  advantage  of 
the  offer ;  in  that  case  the  purchaser  will  take  the  whole  to  the 
analyst. 

The  purchaser  must  carefully  note  any  declaration  which  the 
seller  may  make  with  regard  to  the  article,  and  especially  whether 
such  declaration  is  made  before  or  after  the  completion  of  sale. 

The  division  of  the  sample  must  be  as  equal  as  possible,  and 
the  parts  must  be  very  carefully  sealed.  In  sealing  bottles,  the 
cork  should  be  driven  in  flush  with  the  surface  of  the  neck,  and 
the  seal  not  only  placed  on  the  top  of  the  cork,  but  carried  round 
on  to  the  neck  itself,  so  as  to  render  it  impossible  for  a  knife 
to  be  insei-ted  under  the  wax  and  the  cork  removed  without 
breaking  the  seal.  A  label  identical  in  wording  and  number 
must  be  affixed  to  each  division  of  the  same  sample.  In  the  case 
of  butter  and  substances  which  cannot  be  put  into  corked  bottles, 
the  best  method  is  to  wrap  the  substance,  or  jar  containing  the 
substance,  in  paper,  and  put  several  seals  on  the  paper  in  such  a 
way  that  it  is  impossible  for  the  packet  to  be  tampered  with. 

The  inspector  should  always  carry  a  copy  of  the  Act  with  him. 
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and  in  case  of  a  refusal  to  sell,  he  should  then  present  his  card, 
or  declare  that  he  is  an  inspector  duly  appointed  to  carry  out 
the  Act,  and  call  the  attention  of  the  seller  to  Section  17,  and 
tender  the  price  of  the  article  sold.  If  the  seller  still  refuses  to 
sell,  then  the  purchaser  evidently  has  a  case  under  the  Act,  and 
should  proceed  accordingly. 

The  official  purchaser  should  not  select  to  the  exclusion  of 
others  the  poorest  shops,  but  take  samples  as  equally  as  possible. 

The  purchase  of  samples  need  not  be  effected  in  an  officious 
manner,  nor  is  it  just,  for  example,  to  enter  a  shop  when  full  of 
people,  and  with  ostentation  buy  and  divide  the  sample  before 
the  customers,  for  an  injury  may  thus  be  done  to  an  honest 
tradesman ;  the  people  in  the  shop  might  naturally  think,  in 
such  a  case,  that  the  tradesman's  goods  were  "  things  suspect." 
There  are  indeed  always  two  ways  of  doing  a  thing,  and  a  little 
politeness  and  civility  will  in  no  way  interfere  with  the  execution 
of  duty,  or  the  carrying  out  of  the  Act. 

The  official  purchaser  will  probably  be  abused  occasionally  in 
no  measured  terms,  but  he  must  endeavour  to  keep  his  temper, 
and  it  is  advisable  to  say  as  little  as  possible,  and  not  to  retort 
in  any  way.  The  sample  retained  by  the  purchaser  must  be 
locked  up  in  a  drawer  or  place  to  which  no  one  else  could  have 
access  without  the  key. 

Inspectors  should  from  time  to  time  consult  the  analyst  as  to 
what  samples  would  be  advisable  to  take  for  analysis.  There 
are  many  substances — e.g.,  white  sugar — which  are  so  seldom 
adulterated  that  it  is  scarcely  worth  while  obtaining  samples  of 
such,  unless  there  has  been  some  information  laid  relative  to 
their  quality. 

In  taking  samples  of  milk  in  the  street,  as  before  stated  (p.  55), 
it  is  of  no  use  for  the  inspector  to  stop  the  milk-seller  wliile 
actually  carrying  his  cans  from  door  to  door,  but  he  must  buy  it 
at  a  place  of  delivery ;  for  example,  he  could  not  take  a  sample  from 
an  itinerant  milk-seller  legally  while  the  milk-seller  was  going 
from  one  door  to  another,  but  directly  the  milk-seller  stops  at  any 
door,  he  may  then  demand  a  sample  and  tender  the  money  for 
it,  because  then  the  milk  is  being  delivered.  He  may  also  go  to 
a  railway  station,  and  take  samples  of  milk  from  the  cans 
themselves ;  in  the  latter  case,  it  does  not  appear  necessary 
to  divide  the  sample  into  three  parts,  but  the  analyst  will  be 
obliged  to  divide  it  into  two,  and  ffive  the  inspector  one. 
(Seep.  57.) 
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A  DESCRIPTION  OF  A  FEW  SPECIAL  FORMS  OF 
APPARATUS  USEFUL  IN  FOOD-ANALYSIS. 

§  5L  As  stated  in  the  first  edition  of  this  work,  it  is  no  part 
of  the  author's  plan  to  describe  the  elementary  apparatus  to  be 
found  in  every  text-book,  and  to  be  seen  in  every  laboratory. 
Notwithstanding,  it  will  be  convenient  here  to  give  a  brief 
notice  of  some  special  forms  of  apparatus  useful  in  food-analysis, 
which  are  not  figured  or  described  in  other  works. 


APPAEATUS  FOR  THE  TREATMENT  OF  SITBSTANCES  BY 
VARIOUS  SOLVENTS. 

It  is  a  matter  of  some  moment  to  economise  alcoholic  and 
ethereal  solvents,  and  it  is  always  advantageous 
to  keep  a  laboi'atory  as  free  as  possible  from 
vapours  and  odours.  Where  a  solid  has  to  be 
exhausted  by  ether  or  peti'oleum,  one  can  scai'cely 
imagine  anything  more  convenient  than  the  ap- 
paratus invented  by  Soxhlet,  and  proposed  by  him 
for  the  purpose  of  treating  milk  solids  with  ether, 
but  in  point  of  fact  widely  applicable.  It  consists 
of  a  glass  tube  (fig.  1),  the  size  of  which  is  per- 
fectly under  control,  and  may  be  made  very  large 
or  very  small,  according  to  individual  require- 
ments. For  the  purpose  of  milk  analysis  a 
capacity  of  100  cc.  is  ample.  The  tube  is  quite 
closed  at  the  bottom,  A ;  the  volatile  vapours 
ascend  through  the  tube  D,  and  are  condensed  in 
an  upright  condenser  attached  to  A;  the  liquid, 
therefore,  falls  drop  by  drop  on  to  the  substance 
at  A.  When  the  condensed  liquid  reaches  X, 
the  syj)hon  BB  acts,  and  the  whole  of  the  liquid 
runs  into  the  flask.  The  apparatus  works  quite 
automatically,  and  scarcely  any  other  is  lost,  how- 
ever long  the  operation  may  last. 

Clausnizer  has  modified  this  apparatus  for  small 
quantities  of  substances  (fig.  2).  D  is  a  tube  drawn  out  pipette-likcv 
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J  is  an  inner  tube  made  so  as  to  slip  easily  into  the  outer  one,  and 
pulled  out  in  the  blowpipe  flame  into  a  long,  almost  capillary  stem, 
which  is  then  bent  up  into  a  syijhon,  and  terminates  in  the  flask, 
being  made  a  little  longer  than  the  drawn-out  portion  of  D.  The 
mode  of  action  is  precisely  similar  to  that  just  described.  The 
volatile  vapour  escapes  between  the  two  tubes,  until  it  reaches 
the  upright  condenser;  it  is  then  condensed,  and  falls 
in  drops  on  the  substance  in  the  inner  tube  ;  and 
when  the  bend  of  the  syphon  is  reached,  the  little 
tube  is  at  once  emptied  of  the  saturated  solvent, 
and  the  process  commences  again. 

Another  method  is  as  follows  (see  fig.  3): — Take  a 
flask  with  a  wide  neck,  fit  a  small  short  test-tube,  T,into 
a  cork  that  will  go  tightly  down  into 
the  neck  of  the  flask  ;  cut  two  or  three 
notches  in  the  cork,  as  shown  in  the 
figure.  The  ether  or  other  solvent 
continually  drops  on  to  the  substance 
in  the  tube,  and  when  the  tube  is  full, 
runs  over  into  the  flask,  and  thus  the 
substance  is  at  length  exhausted. 
Similarly,  any  little  apparatus  may 
be  suspended  from  the  cork  by  means 
of  a  wire  ;  or,  lastly,  a  little  tube  may 
be  supported  from  the  bottom  by 
means  of  a  platinum  wire-support  fused 
into  the  flask. 

In  the  Extraction  of  Liquids  by 
ether,  petroleum,  <fec.,  the  author  has  found  the  following  ap- 
paratus absolutely  indispensable,  when  it  is  necessary  to  make, 
by  this  means,  any  quantitative  estimations  (fig.  4):  A  is  a  tube 
of  any  dimensions  most  convenient  to  the  analyst.  Ordinary 
burette  size  will  perhaps  be  the  most  suitable  for  routine  work; 
the  tube  is  furnished  with  a  stopcock  and  bent  tube  B,  the  tube 
A  having  a  very  small  but  not  quite  capillary  bore.  The  lower 
end  is  attached  to  a  length  of  pressure  tubing,  and  is  connected 
with  a  small  reservoir  of  mercury,  moving  up  and  down  by  means 
of  a  2)iilley. 

To  use  the  apparatus  :  Fill  the  tube  with  mercury  by  opening 
the  clamp  at  H,  and  the  stopcock  at  B,  and  i-aising  the  reservoir 
until  the  mercury,  if  allowed,  would  flow  out  of  tlie  beak.  Now, 
the  beak  is  dipped  into  the  liquid  to  be  extracted  with  the  solvent, 
and  by  lowei-ing  the  reservoir,  a  strong  vacuum  is  created,  which 
draws  the  liquid  into  the  tube  ;  in  the  same  way  the  ether  is 
made  to  follow.    Should  the  liquid  be  so  thick  that  it  is  not 


Fig.  2. 


Fig.  3. 
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possible  to  get  it  in  by  means  of  suction,  the  lower  end  of  the  tube 
is  disconnected,  and  the  syrupy  mass  worked  in  through  the 
wide  end.  When  the  ether  has  been  sucked  into  the  apparatus, 
it  is  emptied  of  mercury  by  lowering  the  reservoir,  and  then 
firmly  clamped  at  H,  and  the  stop- 
cock also  closed.  The  tube  may  now 
be  shaken,  and  then  allowed  to  stand 
for  the  liquids  to  separate.  When 
there  is  a  good  line  of  demarcation, 
by  raising  the  reservoir  after  open- 
ing the  clamp  and  stopcock,  the  whole 
of  the  light  solvent  can  be  run  out 
of  the  tube  into  a  flask  or  beaker, 
and  recovered  by  distillation. 

For  heavy  solvents  (such  as  chloro- 
form), which  sink  to  the  bottom, 
a  simple  burette  with  a  fine  exit 
tube  is  preferable  ;  but  for  petro- 
leum ether,  ordinary  ether,  (fee, 
the  apparatus  figured  is  extremely 
useful. 

When  it  is  necessary  to  treat 
substances  in  open  dishes  with 
volatile  solvents,  the  author  uses 
the  following  apparatus  (see  fig.  5), 
which,  since  the  first  description 
of  it  in  the  Chemical  Socielys 
Journal;*  is  to  be  found  in  most 
laboratories. 

The  principle  of  the  arrangement 
is  simply  tliis,  that  it  converts  an[^^ 
ordinary  dish  into  a  closed  vessel, 
so  that  ether  and  volatile  liquids 
may  be  boiled  without  loss  ;  or,  on  the  other  hand,  a  volatile 
liquid  may  be  distilled  and  recovered  with  as  much  ease  as  in 
oi)erating  with  a  retort. 

The  essential  part  of  the  apparatus  consists  of  a  cast-iron  body, 
R,  externally  drum-shaped,  and  having  a  deep  groove,  A,  in 
wliich  a  little  mercury  or  other  "  sealing  liquid "  is  placed. 
Into  this  groove  fits  a  bell -jar,  B,  and  the  part  marked  D  is 
hollowed  out  for  the  reception  of  a  disli.  The  size  of  the  dish  is 
quite  indiflerent ;  any  dish  will  do,  so  long  as  it  is  not  too  large 

*  •'^  simple  Apparatus  for  the  treatment  of  substances  in  ojicn 

dishes  by  volatile  solvents.  By  A.  ^Vyntc^  Blyth,  Joui  'II.  Chcin.  Hue  , 
March,  1880.  j  j  .         j  • 
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for  the  bell-jar  to  cover.  The  neck  of  the  bell-jar  is  attached  to 
a  Liebig's  condenser.  Should  a  substance  require  exhaustion  with 
the  solvent,  the  Liebig  is  placed  in  an  upright 
position ;  should  an  evaporation  or  distillation 
be  requii-ed,  the  condenser  is  placed  in  the 
usual  slanting  position,  and  in  this  way  all  the 
liquid  evaporated  is  saved.  As  a  matter  of 
convenience  it  is  well  to  have  a  pair  of  these 
ajjparatuses  in  a  laboratory,  one  with  an 
upright,  the  other  with  a  slant  condenser.* 
Fig.  5.  §  52.  The  Spiral  Balance. — A  spiral  balance, 

proposed  and  used  some  years  ago  by  Professor  Jollyf  (fig.  6),  has 


*  The  apparatus  can  be  obtained  from  Messrs. 
Cetti,  lirook  Street,  Holborn. 

t  V.  Jolly,  Silzungsber  Baey.  Akad.,  1864,  i.  1C2. 
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been  modified  and  improved  by  Mr.  C.  F.  Cross,*  and  as  now  con- 
structed is  a  cheap,  accurate  instrument,  which  should  iind  a  place 
in  every  laboratory,  since,  for  weights  up  to  three  or  four  grammes, 
its  indications  are  rapid  and  independent  of  barometric  correction, 
in  short,  the  "absolute  weight"  is  obtained.  The  spiral  is  suspended 
by  means  of  a  binding  screw,  a,  to  the  upright,  C,  sliding  freely 
up  and  down  the  hollow  tripod  stand,  A.  The  height  of  this 
sliding  upright  is  adjustable  by  a  scx'ew,  and  from  the  spiral  is 
suspended,  by  three  very  thin  platinum  wires,  a  mica  plate,  P ; 
and  from  the  centre  of  this  again,  a  smooth,  thin,  metal  plate, 
which  is  immersed  in  water,  the  immersion  serving  to  steady 
the  whole  and  rapidly  bring  the  index  to  equilibrium  ;  an  opaque 
glass  bead  is  at  m,  and  there  is  a  millimetre  mirror  scale  on  A. 
The  bead  acts  as  an  index,  and  its  position  relative  to  the  scale  is 
ascertained  by  bringing  the  eye  to  that  level  which  makes  the 
bead,  m,  exactly  cover  its  image  on  the  scale.  To  make  an  obser- 
vation, the  bead  is  bi-ought  either  to  the  zero  of  the  scale,  or  to  a 
point  sufficiently  high  to  allow  of  the  elongation  to  be  followed 
on  the  scale.  The  calculation  requii-ed,  whether  for  actual 
weight  or  for  the  specific  gravity  of  a  solid  or  liquid,  is  suffi- 
ciently evident  from  the  following  examples  given  by  Professor 
J  oily  in  his  original  paper  : — 

(a.)  Determination  of  original  weight,  the  spiral  consisted  of 
36  turns  of  piano-wire.  No.  6— 

Original  reading  of  m,  .  .  .2-5 
With  a  loadof'l  grm.,  .  .  .3747 
With  the  object  to  be  weighed,      .  213-6 

The  absolute  weight  of  the  latter  is,  '^^f^fz^2^r,  =  ^'^^'^^ 

with  the  probable  error  in  the  fourth  place  of  decimals. 
(6.)  Determination  of  specific  gravity  of  a  solid — 

Original  reading  of  7?i,  . 
Loaded  with  a  crystal  placed  in  pan  P,  . 
Loaded  with  a  crystal  placed  in  pan  S,  . 

Specific  gravity  =  Absolute  weight 

Loss  of  weight  in  water 

with  the  probable  error  in  the  second  place  of  decimals. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined,  the 
lower  pan  S  is  removed,  and  replaced  by  a  small  cylinder  of 
glass  of  about  1  cc.  capacity.  The  loss  of  weight  experienced  on 
submerging  the  latter  beneath  the  surfaces  of  the  respective 


64-2 
275-3 
220-8 

275-3-  64-2 
'275^ -  220-8' 


:3-8311 


*  C.  F.  Cross,  Chem.  News,  Aug.  25,  188 L 
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liquids  is  expressed  in  scale  divisions,  as  in  the  preceding 
instances,  and  the  quotients  of  such  numbers  are  the  relative 
weights. 

§  53.  Vacuum  Processes. — There  are  a  variety  of  analytical 
operations,  especially  those  employed  in  toxicological  and  food 
chemistry,  which  for  their  proper  performance  require  an  efficient 
vacuum.  A  short  time  ago  the  Sprengel  pump  was  generally 
employed  for  this  purpose,  and,  indeed,  is  so  now.  Obtaining  a 
vacuum  by  the  Sprengel  pump,  however,  in  large  retorts  or  large 
flasks  is  a  most  tedious  operation,  and  as  a  technical  process 
vacuum  working  with  a  Sprengel  would  become  impossible.  The 
author,  therefore,  uses  the  same  instrument  which  is  employed 
by  the  Swan  Electric  Light  Company  to  exhaust  the  globes  for 
the  thread  of  incandescent  carbon.  This  pump — the  patent 
mercury  pump  of  Mr.  Lane  Fox — the  author  has  modified 
slightly,  and  with  these  modifications  it  is  now  adapted  for  every 
species  of  laboratory  work.  The  pump  (see  fig.  7)  consists  of 
a  glass  tube,  AA,  with  a  large  bulb,  B,  and  a  thistle-head,  C, 
in  which  a  ground  stopper,  F,  is  fitted,  and  the  whole  made 
tight  by  a  little  mercury  in  C.  When  gas  has  to  be  collected, 
F  is  replaced  by  the  apparatus  SS',  which  consists  of  thick- 
walled  capillary  tubing,  having  either  India-rubber  pressure 
tubing  at  S',  with  a  clamp,  or  a  glass  stopcock  at  S'.  The  side 
tube,  G,  is  provided  with  a  glass  stopper-float,  I,  ground  accur- 
ately into  X.  It  allows  air  or  gas  to  go  in  the  direction  of  the 
arrows  only,  any  back  pressure  carrying  up  the  mei-cury,  and 
floating  and  firmly  fixing  the  float  into  X.  In  the  glass  cup, 
Z,  is  ground  a  stopper  of  angle  tubing,  with  which  the  apparatus 
it  is  intended  to  exhaust  is  connected.  To  work  the  pump  the 
stopper  is  taken  out  of  C,  and  the  mercuiy  reservoir.  A,  is  raised 
until  the  globe  is  filled  and  mercuiy  rises  into  C.  At  this  moment 
the  stopper  is  inserted  and  the  reservoir  lowered  to  the  ground ; 
this  causes  a  vacuum  in  the  apparatus,  and  air-bubbles  pass  into 
B  in  the  course  of  the  arrows,  and  collect  in  the  globe.  By  now 
raising  the  reservoir,  and  at  the  proper  moment  loosening  tlie 
stopper,  the  air  is  expelled  ;  on  closing  the  stopper  and  again 
lowering,  a  fresh  qxiantity  of  air  escapes  into  B,  and  so  on  until 
a  jJerfect  vacuum  is  obtained.  A  very  lai-ge  retort  may  be 
exhausted  by  working  the  reservoir  up  and  down  about  a  dozen 
times,  while  smaller  vessels  are  made  vacuous  in  three  minutes. 
In  collecting  gas,  as,  for  example,  nitrogen  and  carbon  dioxide  in 
an  organic  analysis,  the  stopper  F  is  replaced  by  tlie  tube  SS'P. 
By  dipping  the  end  of  the  tube  P  into  the  mercury  trough, 
having  the  clamp  or  stopcock  open,  and  lowering  the  reservoir, 
the  capillary  thread  is  readily  filled  with  mercury,  and  the 
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mercury  i*etained  by  closing  the  stopcock.  When  the  combustion 
tube  is  vacuous,  the  beak  of  the  tube  is  inserted  under  the 
eudiometer  (or  whatever  special  gas  apparatus  the  analyst  has), 
and  the  combustion  tube  made  red-hot  in  the  usual  way,  the  gas 
being  readily  pumped  out  and  delivered  into  the  eudiometer. 
The  purposes  to  which  such  an  instrument  are  applicable  are  so 
very  various  as  to  render  it  absolutely  necessary  in  all  labora- 
tories. 


THE  MICROSCOPE,   THE  SPECTROSCOPE,  AND  THE  ART  OF 
PHOTOGRAPHY  AS  APPLIED  TO  THE  CHEMISTRY  OF  FOOD. 

§  54. — There  are  so  many  special  works  describing  the  micro- 
scope* that  it  will  be  quite  unnecessary  to  burden  the  pages  of 
this  book  with  information  so  readily  accessible.  The  chemist, 
as  a  rule,  will  find  a  binocular  most  suitable  for  his  purpose,  for 
it  is  only  with  a  binocular  that  it  is  possible  to  have  a  really 
good  view  of  crystals.  Besides,  the  instrument  is  so  readily 
converted  into  a  monocular,  that  it  possesses  the  advantages  of 
the  latter  combined  with  its  own.  For  certain  bi-anches  of  re- 
search, and  more  especially  for  observing  reactions  under  the 
microscope,  the  inverted  microscope  of  Dr  L.  Smith,  of  Merton 
College  (or  those  of  similar  pattern),  by  Avhich  the  object  glass  is 
placed  below  the  substance  to  be  examined,  has  this  advantage, 
that  it  is  possible  without  injury  to  the  instrument,  and  without 
being  annoyed  by  acid  fumes,  to  treat  substances  under  observa- 
tion with  strong  acids,  even  at  a  boiling  temperature. 

The  analytical  student  will  require  to  familiarise  himself  with 
the  use  of  the  micrometer  and  the  polariscope.  The  most  suit- 
able micrometer  for  the  measurement  of  starches  and  similar 
substances,  is  what  is  called  an  eyepiece  micrometer.  A  glass, 
ruled,  either  in  squares,  or  as  a  simple  scale,  is  placed  between 
the  eye  and  field  piece,  so  that  both  the  object  magnified  and 
the  scale  are  seen  clearly  at  ono  and  the  same  time.  In 
order  to  find  the  value  of  the  divisions  of  the  eye  micrometer,  it 
is  necessary,  in  the  first  place,  to  determine  them  by  noting  how 
many  divisions  correspond  with  one  or  more  of  a  slip  of  ruled 
glass  placed  on  the  stage,  and  containing  divisions  equalling  the 
himdredths  of  an  inch,  or  any  other  convenient  measiirement. 

The  lasb  edition  of  Dr.  Bcale'a  work  on  tlic  microscope  gives  a  vast 
amount  of  information.  Sec  also  Dr.  Carpenters  treatise,  "the  popular 
work  of  Mr.  Jabez  Hogg,  &c.,  &c. 
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Suppose,  for  example,  that  it  is  found  that  one-hundreth  of  an. 
inch  on  the  stage  when  measured  by  the  eyepiece  required  18 
of  the  eyepiece  divisions,  then  it  is  obvious  that  each  one  of  the 
divisions  is  -Jg-  of  or  j-^^  of  an  inch  ;  therefore,  any  object 
that  measured,  say  four  divisions,  would  be  4  x  ywoo  —  tsVoj 
would  measure  the  one  four  hundred  and  fiftieth  of  an  inch. 
There  is  another  method  of  measurement  which  is  extremely 
accurate  and  applicable  to  all  cases ;  this  is,  to  take  a  micro- 
photograph  of  the  subject,  and  to  photograph  a  glass  with  suitable 
ruled  divisions,  with  the  same  arrangements  and  with  the  same 
powers ;  afterwards  a  measvirement  with  ordinary  compasses  can, 
with  great  ease  and  convenience,  be  made. 

Chemical  reactions,  under  the  microscope,  are  either  observed 
in  shallow  cells  ground  in  the  glass  slide  itself,  or  simply  on  the 
ordinary  flat  slide,  or,  as  is  sometimes  convenient,  in  almost 
capillary  tubes  with  flattened  sides,  the  microscope  being  in  a 
hoi'izontal  position.  Reactions,  as  a  rule,  should  be  observed 
with  only  a  moderate  magnifying  power.  It  is  quite  possible  to 
execute,  on  a  very  small  amount  of  material,  a  complete  qualita- 
tive analysis  on  the  stage  of  the  microscope,  mixing  with  drops 
of  the  solution  under  observation  droplets  of  the  ordinary  test 
solutions,  such  as  sulphuretted  hydrogen  water,  ammonium 
sulphide,  ammonia,  oxalic  acid,  sodic  phosphate,  etc.  Dr.  Beale 
has  recommended  glycerine  to  be  used  instead  of  water  for  these 
reactions,  and  he  states  that  although  the  reactions  are  slower, 
yet  that  they  are  more  perfect.*  The  method  of  subliming 
alkaloids,  and  its  important  bearing  in  the  determination  of  the 
nature  of  substances  in  tea  or  coffee,  is  described  in  the  article 
on  "Tea,"  together  with  the  microscojDic  appearance  of  the  ash  of 
various  leaves,  and  the  method  of  obtaining  "  skeleton  ashes." 

In  cutting  sections  of  seeds,  leaves,  (fee,  no  difliculty  is  ex- 
perienced when  they  are  in  the  entire  state,  nor  are  any  special 
instruments  required  save  a  sharp  razor,  for  with  a  little  practice 
sections  quite  as  fine  as  those  it  is  possible  to  cut  by  a  section- 
cutting  machine,  can  be  made  with  a  razor.  It  is,  however,  quite 
diff'erent  with  such  matters  as  tea  leaves  which  have  been  dried 
and  crumpled,  or  seeds  in  the  state  of  powder.  Here  consider- 
able difliculty  may  be  expei-ienced,  and  it  is  often  not  possible  to 
get  a  section  at  all  satisfactory  of  any  given  dark  microscopic 
particle.  The  author  has  had  tolerably  fair  results  by  sprinkling 
opaque  powdei'S  on  a  piece  of  smooth  wood,  and  embedding  the 
powders  in  a  tenacious  glue.  When  the  cement  has  set,  there  is  no 
difficulty  in  getting  sections.   Similarly,  the  known  processes  for 


*  "  How  to  Work  with  the  Microscope."    Loudon,  ISSO. 
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embedding  soft  substances  answer  well  with  tea.  A  simple 
method  is  also  to  gum  the  leaf,  or  fragment  of  leaf,  on  to  a  solid 
substance,  and  then  horizontal  sections  can  be  obtained.  Some- 
times scraping  a  leaf  in  the  same  manner  as  when  a  blot  is  being 
erased  from  paper,  brings  away  very  beautiful  pieces  of  the 
epidermis  and  stomata.  Sections  of  leaves  are  easily  obtained 
by  placing  the  leaf  between  two  pieces  of  cork,  pressing  them 
well  together,  and  then  cutting  the  finest  possible  layers  with  a 
sharp  razor.  In  all  these  cases  the  razor  should  be  wet  with 
some  fluid,  either  water  or  (which  is  for  the  most  part  better) 
glycerine,  a  little  diluted.  The  section  floats  on  the  water,  and 
may  be  transferred  to  a  dish  of  dilute  glycerine.  It  is  well  to 
cut  a  great  number  of  sections  in  this  way,  and  select  the  most 
transparent  from  the  dish  for  microscopic  examination.  The 
author's  new  method  of  observing  and  preparing  leaves  is 
described  in  the  ai-ticle  on  "  Tea." 

§  55.  Micro-Spectroscope. — The  micro-spectroscope  bids  fair  to 
become  a  leading  instrument  in  food-analysis,*  more  especially 
since  the  introduction  of  so  many  artificial  colouring  materials. 
Fig.  8  shows  its  various  parts.     An  eyepiece  fits  into  the 
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microscope  tube,  having  the  upper  lens  made  achromatic ;  at  the 
focal  point  of  this  lens  is  fixed  a  narrow  slit.  A  small  rectangular 
prism  is  fixed  so  as  to  extend  over  about  one-half  of  the  slit, 
and  reflect  the  light  coming  through  an  aperture.  In  the  stage 
attached  to  the  side  of  the  eyepiece,  the  other  half  of  the  slit 
transmits  the  light,  passing  up  the  main  body  of  the  microscope 
through  the  ordinary  object  glass. 

When  all  is  properly  arranged  and  illuminated,  in  looking 
through  the  lens  a  narrow  line  of  light  is  seen,  one-half  the 
length  of  which  has  passed  through  an  object  placed  on  the  stage 
of  the  microscope,  and  the  other  half  through  any  other  placed 
on  the  side  stage  attached  to  the  eyepiece  of  the  prism  ;  and 
if  the  prism  has  been  properly  adjusted,  these  two  portions 
should  appear  perfectly  continuous,  without  any  break  at  their 
junction;  but  if  not  properly  adjusted  the  line  appears  broken, 
and  would  then  give  false  results  if  the  spectra  were  compared 
together.  The  analysing  prism  is  compound,  and  fits  over  the 
eyepiece  like  a  long  cap.  It  consists  of  two  rectangular  prisms 
of  crown  glass,  and  two  others  with  angles  of  75°,  a  combination 
which  gives  direct  vision. 

B  is  a  milled  head  adjusting  the  focus  of  the  eye  lens  (fig.  8) ; 
C  is  a  milled  head  for  adjusting  the  slit  vertically;  H  for  adjusting 
the  breadth  of  the  slit;  D,D  are  springs  for  holding  a  small  tube; 
E  is  for  the  purpose  of  regulating  the  slit  of  the  second  spectrum; 
F  is  the  position  of  the  field  lens  of  the  eyej)iece;  G  is  a  tube 
which  fits  on  the  microscope.  The  prisms  give  that  amount  of 
dispersion  which  is  admirably  fitted  for  the  pui'poses  to  which 
this  instrument  is  applied,  and  is  in  itself  sufficient  to  divide  the 
absorption-bands  seen  in  coloured  solids  and  liquids,  while  it  is 
not  so  great  as  to  spread  them  over  too  wide  a  space,  and  make 
them  obscure,  as  is  the  case  when  the  dispersion  is  great.  Since 
the  light  which  passes  through  the  opening  does  not  extend 
over  the  same  surface  as  that  which  passes  through  tlie  object 
glass,  it  would  be  far  too  bright  unless  modified  by  means  of  a 
small  shiitter,  opening  and  closing  with  a  screw.  In  each  case 
this  can  easily  be  adjusted  so  that  the  light  from  the  two  sources 
is  equal,  or  may  be  made  to  vary  for  some  special  purpose  ;  tliere 
is  also  a  contrivance,  so  that  when  very  small  objects  are  ex- 
amined no  light  shall  pass  except  that  which  has  come  through 
them.  {Sorhy.) 

Recent  improvements  have  been  made  by  Mr.  Sorby  and  Mr. 
Browning,  by  which  every  line  or  band  in  the  spectrum,  when 
being  measiired,  is  brought  into  the  centre  of  the  field  of  view  ; 
tlie  jaws  of  the  slit  open  equally,  so  that,  whatever  their  width 
may  be,  the  zero  remains  unchanged.    Tlie  mici'ometer  is  self- 
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registering,  and  tlie  whole  turns  of  the  micrometer  screw,  as  well 
as  fractional  parts,  can  be  read  off  at  the  same  time  by  inspection. 
The  instrument  may  also  be  used  for  opaque  as  well  as  trans- 
parent objects,  and  two  spectra  can  be  compared  at  the  same 
time  with  one  lamp.  Moreover,  the  spectrum  of  the  smallest 
object,  or  a  particular  part  of  any  object,  may  be  obtained  with- 
out difficulty.  Mr.  Sorby's  method  of  measurement  is  of  the 
most  accurate  description.  He  uses  an  apparatus  giving  an  inter- 
ference spectrum,  divided  by  black  bands,  all  of  equal  optical 
value.  The  apparatus  is  composed  of  two  Nicol's  prisms,  with 
an  intervening  plate  of  quartz,  about  '043  inch  quick  thick,  cut 
parallel  to  the  principal  axis  of  the  crystal,  the  thickness  being 
so  adjusted  with  the  sodium  line  that  the  sodium  line  is  exactly 
at  3-5,  counting  the  bands  from  the  red  end  towards  the  blue. 
He  makes  use  of  the  following  symbols  to  express  the  intensity 
of  absorption  : — 

Not  at  all  shaded.  Blank  space. 

Very  slightly  shaded,  ....  Dots  wide  apart. 

Decidedly  shaded,  ....  Dots  closer. 

More  shaded,  ....  Dots  very  close. 
Strongly  shaded,  but  so  that  a 

trace  of  colour  is  seen,  -  -  -  Three  hyphens  close. 

Still  darker,  —  Single  dash. 

Nearly  black,   Double  dash. 

Definite  narrow  absorption-bands  are  indicated  by  *  printed  over 
their  centre.  It  is  assumed  that  there  is  a  gradual  shading  off 
from  one  tint  to  the  other,  unless  the  contraiy  is  expressed, 
which  is  done  by  means  of  a  small  vertical  line,  as  in  the  follow- 
ing example  : — 

Normal  chlorophyll  in  alcohol  (deep  green), , 

I  -  2|  -  -  -  3i  .  .  .  .  4i  62  .  -  -  7i  


Nothing  could  be  more  accurate  than  Mr.  Sorby's  method 
of  measurement,  and  for  the  actual  woi-ker  his  system  of  notation 
will  also  be  found  most  convenient.  For  the  purpose,  however, 
of  graphical  illustration,  "  Vogel's"*  method  is  preferable,  and  it 
has  been  used  in  this  work  to  delineate  various  coloured  spectra. 
The  system  may  be  at  once  understood  by  reference  to  the 
diagram  (fig.  12).  The  amount  of  absorption  is  shown  by  curves. 
Wiicre  the  curve  is  highest,  there  the  band  is  blackest;  where  it  is 
lowest  or  absent,  the  least  absorption  is  present.  There  is  no 
doubt  that  the  most  permanently  useful  way  to  express  spectra, 
wlicther  absorption  or  spark,  would  be  by  wave  lengths.  Then, 

•  Hermann  Vogel :  "  Praklische  Spectral  Analyse."    Nordlingen,  1877. 
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however  the  scales  of  different  spectroscopes  might  differ  (and 
scarcely  two  will  give  the  same  values),  still  the  results  would  be 
the  same  for  all  spectroscopes.  The  following  values  of  wave 
lengths  are  sulficient  for  absorption  spectra  : — 

MILLIONTHS. 

A.  760-4  F.  486-0 

B.  686-7  G.  480-7 

C.  656-2  H.  396-8 

D.  589  2  H.  393-3 

E.  526-9 

By  constructing  u  diagram  similar  to  the  following  one, 


10      20      30      40      SO      60      70      80      90  100 


Fig.  9. 


only  many  times  larger,  having  the  values  of  the  scale  marked 
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at  the  top,  and  intersected  by  the  lines  giving  wave  lengths, 
and  then  determining  the  exact  position  of  Fraunhofer's 
lines  on  the  scale,  and  mai-king  them  by  crosses  on  the  chart 
as  in  the  diagram,  and  lastly,  joining  the  points  in  a  uniform 
curve,  it  is  possible  to  get  very  simply  the  wave  lengths  of 
every  portion  of  the  scale.  The  more  uniform  the  curve,  the 
greater  the  number  of  lines  determined  ;  and  the  larger  the 
chart,  the  more  accurate  are  the  values.  Supposing  the  centre 
of  an  absorption-band  to  be  at  10  on  the  scale :  on  referring  to 


Fig.  10.  Fig.  11. 


the  diagram  the  curve  at  10  is  exactly  cut  by  the  horizontal 
line  660,  therefore,  the  wave  length  would  be  660,  and  so  on. 
It  will  be  necessary  to  measure  in  all  cases  the  middle  of  the 
absorption-band,  or  the  middle  of  the  spark  line. 

§  56.  The  ordinary  "  spark  "  spectroscope  is  not  quite  so  useful 
to  the  food-analyst  as  the  micro-spectroscope  just  described.  It 
will,  however,  probably  be  more  used  when  the  ash-constituents 
of  food  have  been  thoroughly  and  scientifically  worked  out.  A 
very  careful  search  after  the  rarer  metals  and  elements  in  the  ash- 
constitiients  of  plants  would,  in  all  probability,  be  rewarded  with 
the  discovery  of — if  not  nev)  elements — yet  of  the  wide  dispersion 
of  the  elements  that  are  presumed  not  to  be  widely  disseminated. 
The  spectroscope  in  general  laboratory  use  has  only  been  apjjlied 
to  the  diagnosis  of  potash,  litliium,  copper,  barium,  strontium, 
and  a  few  other  flame  spectra  easily  obtained  without  the  aid  of 
electricity;  but  the  interesting  and  convenient  method  of  examina- 
tion introduced  by  Lecocci  de  Boisboudran  has  made  spark  spectra 
so  very  easy  to  be  obtained  by  any  one  who  has  a  battery,  and  a 
Ruhmkofl"  coil  capable  of  giving  a  good  spark,  that  there  is  no 
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reason  why  an  examination  of  the  spai-k  spectra  of  a  body  should 
not  become  the  daily  matter-of-course  process  in  all  laboratories, 
and  not  be  restricted  to  pure  scientific  inquiry.  Boisboudran's 
method  is  simply  to  jjass  the  spark  through  a  solution  of  the 
substance  to  be  examined,  and  for  this  purpose  the  following 
apparatus  can  be  constructed  out  of  the  ordinary  apparatus  of  the 
laboratory  (fig.  10).  - 

A  Woulfe's  bottle  is  fitted  with  two  good  India-rubber  corks. 
In  the  one  a  stout  glass  rod  is  placed,  bent  at  right  angles, 
serving  as  a  support  for  a  glass  tube,  through  which  the  wire 
of  the  negative  pole  projects  ;  the  other  neck  carries  a  little  test- 
tube  with  the  wii-e  g,  which  comes  up  through  the  cork,  and 
the  test-tube  supports  a  still  smaller  one,  capable  of  holding 
a  very  small  quantity  of  the  liquid  to  be  examined ;  the  wii-e 
is  fused  into  the  bottom  of  this  tube,  and  terminates  a  little 
below  the  mouth.  Over  the  wire  there  is  a  minute  tube,  some- 
what funnel-shaped  at  the  end,  which  prevents  the  spark  flying 
to  the  side  of  the  test-tube ;  in  the  larger  tube  there  is  a  little 
mercury  to  ensure  contact.  One  effect  of  this  arrangement  is 
that  the  lower  pole  has  always  a  thin  film  of  the  liquid  over  its 
surface,  and  on  passing  the  current  the  spark  volatilises  the 
substances  in  solution,  and  their  characteristic  spectra  are  easily 
observed. 

There  are  methods  of  quantitative  spectrum  analysis  proposed 
by  Vierordt  and  others ;  but,  as  yet,  they  are  not  sufficiently 
practical  for  general  use,  and  the  subject  requires  fresh  develop- 
ments. 

§  57.  Photograj)hy. — The  introduction  of  dry  plates  and  the 
genei-al  simplification  of  photography  will,  in  a  veiy  little  time, 
make  its  practice  general  in  all  the  larger  laboratories  for  pur- 
poses of  registration.  In  important  analyses,  likely  to  entail 
evidence  in  the  higher  courts  of  justice,  it  might  be  useful  (and 
will  always  be  possible)  to  photograph  certain  analytical  results. 

In  the  quantitative  determination  of  mixtures  of  starches,  a 
micro-photograph  of  the  mixed  starch  and  the  "  imitation  "  mix- 
tures, renders  the  counting  of  the  number  of  starches  in  the  field 
a  very  easy  operation.  Similarly,  if  a  measurement  of  any  object 
be  required,  a  micro-photograph  having  been  taken,  and  next  a 
photograph  of  the  stage  micrometer  Avith  the  same  powers,  the 
object  may  be  measured  more  easily  than  in  the  ordinary  way. 
It  is  also  most  useful  for  the  analyst  to  have  by  him,  in  this  way, 
a  series  of  "  picture  records  "  for  reference.  Stein's  photographic 
microscope,*  wl)en  the  object  is  not  to  make  pretty  pictures,  nor 

*  Das  Licht  im  Dienste  wissenscha/llicher  Forschung.  Von  Dr.  Th.  Steiu, 
Leipzic,  1877. 
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to  use  high  jjowers,  is  excellent.  It  merely  consists  (see  fig.  11  )  of 
a  conical  tube,  turned  out  of  boxwood,  and  fastened  on  to  the 
microscope  tube  by  means  of  a  screw,  h.  Combined  with  this 
funnel  tube  is  a  wooden  tray,  in  which  the  frame,  e,  cl,  f,  g,  easily 
slides  backwards  and  forwards.  Thin  panes  of  glass  are  let  in 
the  cassette  into  this  frame.  Whilst  the  image  is  being  adjusted, 
the  thin  glass,  e,  d,  stands  over  the  tube,  and  the  prepared  plate 
is  put  under  the  little  cover  at  g,f.  If  the  picture  is  well  defined, 
the  frame,  e,  d,  g,f,  is  piished  into  the  tray,  so  that  the  part,  g,  f, 
can  stand  over  the  microscope  tube,  and  by  a  simple  arrangement 
the  photographic  plate  can  be  exposed.  Direct  sunshine  will,  in 
most  cases,  be  necessary,  and  the  rays  should  be  transmitted 
tlii'ough  a  cell  containing  the  ammonia-sulphate  of  copper. 

If,  however,  it  is  desii  ed  to  photograph  with  high  powers,  the 
plan  recommended  and  employed  by  Dr.  Woodward,  of  the  Army 
Medical  Museum,  Washington,  is  perhaps  the  best.  The  camera 
box  and  table  are  both  dispensed  with,  and  the  operating  room 
itself  is  converted  into  a  camera.  A  room  is  selected  having  a 
southern  aspect;  the  window  is  provided  with  shvitters  on  tije 
inside  to  exclude  light,  sufficient  being  admitted  through  one  or  two 
yellow  panes  to  enable  the  operator  to  move  about  freely;  a  small 
yellow  pane  is  also  let  into  one  of  the  window-shutters  to  enable 
the  operator  to  watch  the  face  of  the  sky.  The  microscope  is 
placed  horizontally,  and  a  heliostat  outside  the  window  throws 
the  direct  rays  of  the  sun  on  to  the  mirror.  The  frame  of  the 
plate-holder  runs  on  an  iron  track,  ten  feet  long,  and  laid  on  the 
floor  at  right  angles  to  the  plane  of  the  window.  There  are  most 
ingenious  arrangements  for  working,  although  at  a  distance,  tlie 
fine  adjustment  of  the  microscope;  the  sun's  rays  pass  through  a 
solution  of  the  ammonia-sulphate  of  copper.*  The  fixing  of  the 
picture  upon  the  plates,  the  method  of  printing  from  the  nega- 
tives, &c.,  are  all  extremely  sim])le  operations  (especially  to  those 
accustomed  to  chemical  manipulations),  and  are  well  described 
in  standard  treatises  on  photography. 

§  58.  Colour. — It  will  often  be  necessary  to  ascertain  the  exact 
colouring-matter  used  to  make  artickis  of  food  attractive,  more 
especially  confectionery,  jellies,  pickles,  ttc.  The  question  will 
generally  resolve  itself  into  deciding  as  to  whetlier  the  colour  is 
harmless  or  poisonous,  and,  if  the  latter,  whether  the  poison  is  in 
sufficient  quantity  to  injure  the  consumer's  health.  The  poison- 
ous colouring-matters  are  those  containing  lead,  copper,  arsenic, 
chromium,  and  zinc,  all  of  minciral  origin;  together  witli  a  few 

*  The  whole  arrangement  is  figured  and  described  in  Dr.  Scale's  w  ork  on 
the  microscope. 
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iujurious  organic  colouring  substances,  sncli  as  gamboge  and 
picric  acid.  The  non-poisonous  colouring-matters  are  the  various 
aniline  colours,  so  Imig  as  they  are  pure,  mid  contain  no  arsenic — 
saffron,  turmeric,  annatto,  chlorophyll,  and  generally  (with  some 
exceptions)  all  organic  colours  obtained  from  the  vegetable  and 
animal  kingdoms. 

The  first  thing  for  the  analyst  to  ascertain  is  whether  the 
colouring  material  is  insoluble  or  soluble  in  water,  for,  as  a  rule, 
with  the  exception  of  gamboge,  the  harmless  colours  are  soluble, 
while  the  minei'al  are  insoluble  in  water.  The  organic  colours 
are  also  bleached  by  a  solution  of  hypochlorite  of  soda.  The 
aniline  coloui-s  are  soluble  in  alcohol. 

The  search  for  poisonous  matters  more  properly  belongs  to,  and 
is  treated  of,  in  the  second  volume  of  this  work.  With  the  ex- 
ception of  salts  of  lead  and  copper  in  small  quantities,  they  are 
rarely  met  with  in  food,  and  even  in  the  matter  of  confectionery, 
of  late  years,  there  has  been  a  great  in)provement.  As  a  rule, 
sweetmeats  in  England  are  not  coloured  with  injurious  matters.* 

The  analyst  having  settled  that  the  colouring-matter  is  one  of 
organic  origin,  by  its  being  bleached  by  sodic-hypochlorite,  and 
by  its  solubility  in  water  or  alcohol,  will  next  proceed  to  study 
its  spectroscopic  characters,  either  by  using  a  pocket  s]^>ectroscope, 
or  the  micro-spectroscope  already  described. 

Mr.  Sorby  makes  use  for  his  instrument  of  little  cells,  cut 
from  bai'ometer  tubing.  They  are  half-au-inch  long,  and  with  an 
external  diameter  of  somewhat  under  half-an-inch ;  they  are 
ground  flat  at  each  end,  and  cemented  with  Canada  balsam  near 
one  edge  of  a  glass  plate,  so  that  they  may  be  examined  sideways 
or  endways.  In  examining  an  unknown  colouring-matter,  he 
adopts  the  following  divisions : — 

1 .  Soluble  in  water,  and  not  precij^itated  by  alcohol. 

2.  Soluble  in  water,  but  precipitated  by  alcohol. 

3.  Insoluble  in  water,  but  soluble  in  alcohol. 

•  This  is  tte  more  necessary  to  state  clearly,  since,  on  the  Continent,  very 
erroneous  ideas  prevail.  Thus,  in  tlie  Dktionnatre  ilcs  Alterathm  et  Falsif  ca- 
tions, parM.  A.  Chevallier  et  M.  Fr.  Baudrimoiit,  Paris,  1S7S,  the  adultera- 
tions of  half  a  century  ago  are  enumerated ;  aud  the  reader  is  informed  that 
the  English  confectioners  not  only  falsify  their  sweetmeats  with  plaster,  lime, 
starch,  baryta,  but  frequently  employ  bronze  powder,  tlie  leaf  foil  of  copper, 
tin,  aud  carbonate  aud  arsenite  of  copper,  verdigris,  chromate  of  lead,  red 
lead,  and  vermilion ;  and,  further,  that  nearly  all  tlie  ginger  lozenges  con- 
tain lead.  Similarly,  in  Dr.  Hermann  Klencke's  Zc.r»?OH  t/o-  Ver/dlscliungeii, 
in  the  article,  "  CoiuUtorwaareii,"  it  is  stated  that  almost  all  the  English 
confectionery  contains  lead  salts,  often  to  the  extent  of  one  and  a-half  per 
cent.!!  All  this  is  nonsense.  Such  adulterations  have  been  found,  it  is 
true;  but  instead  of  being  common,  they  are  rare  and  exceptional. 
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4.  Insoluble  in  water  and  alcohol. 

He  next  subdivides  his  main  divisions  according  to  the  action 
of  bisulphite  of  soda. 

The  organic  colouring-matters  most  likely  to  be  found  may 
be  treated  of  in  the  order  of  the  spectrum,  beginning  with  the 
red. 

§  59.  Reds. — The  common  reds  are — cochineal,  aniline  reds, 
alkanet,  and  the  madder-colours  alizai-ine  and  purpurine. 

CocJiineal. — Cochineal  is  a  red  complex  colouring  -  matter, 
secreted  by  certain  species  of  a  peculiar  family  of  insects  feeding 
on  the  Cactus  coccinellifera,  G.  spuntia,  C.  tunia,  C.  pereskia. 
The  chief  colouring-matter  of  cochineal  is  "  carminic  acid,"  the 
foi-mula  of  which  appears  to  be  Cj^HjgOjo.  By  the  action  of 
dilute  acids  carminic  acid  splits  up  into  sugar,  and  a  beautiful 
colour  known  as  carmine-red,  thus — 

Carminic  acid.     Water.     Carmine-red.  Glucose. 
CnHisOi^  +  2HsO  =  CnHioO^  +  CeHioOs. 

Cochineal  imparts  its  colouring-matters  both  to  alcohol  and 
water,  and  is  precipitated  by  acetate  of  lead,  carminate  of  lead 
being  one  of  the  constituent  parts  of  the  precipitate.  The  solu- 
tions of  cochineal  are  purplish-red  to  crimson,  turning  a  more  or 
less  rich  violet-purple,  with  alkalies  becoming  of  a  yellow  colour 
on  the  addition  of  acids.  The  colour  is  well  known  to  chemists, 
as  it  is  much  used  as  an  indicator  for  acids,  being  especially  use- 
ful in  titrating  an  alkaline  liquid  containing  carbonates,  since 
carminic  acid  is  not  affected  by  carbon  dioxide  like  so  many  other 
colouring-matters. 

Cochineal  in  neutral  solutions  gives  absorption-bands,  but  not 
very  definite  when  examined  by  the  sjiectroscope  ;  if,  however, 
it  be  made  ammoniacal,  then  there  are  bands  which  differ  in 
l)03ition  only  slightly  from  the  absorption-bands  of  blood. 

No.  18  (fig.  12)  is  a  graphical  illustration  of  the  spectrum  of 
cochineal  in  water;  No.  19,  in  alcohol;  and  No.  20,  on  the  addition 
of  nitric  acid  (a.)  or  NHg  (b.).  If  alum  is  added  to  cochineal  it 
loses  its  power  of  turning  yellow  with  acids,  and  the  purpurine 
band  becomes  so  broad  that  tlie  two  bands  almost  run  into  each 
other.  On  addition  of  acetic  acid  they  are  separated,  and  appear 
as  tolerably  sharply-defined  bands  between  I)  and  E,  and  there 
is  another  at  D. 

On  dissolving  cochineal  with  alum  solution,  a  lake  is  obtained  ; 
on  di.ssolving  this  in  tartaric  acid,  or  dilute  nitric  acid,  the  solu- 
tion gives  a  band  at  B  and  E,  and  another  close  on  D.  The 
nitric  acid  solution  gives  a  spectrum  very  similar  to  blood. 
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An  aqueous  solution  of  cocliineal  may  be  distinguislied  from 
the  red  solutions  of  brazil-wood,  sa pan-wood,  peach-wood,  and 
a  few  others,  by  the  fact  that  the  calcium  salt  of  their  colour- 
ing-mattere  is  violet,  and  readily  soluble  in  water,  while  the 
calcium  salt  of  cochineal-red  is  dark-puq^le  or  almost  black,  and 
insoluble  in  water. 

Aniline  Reds. — The  aniline  reds  are  numerous,  but  tlie  chief 
are  fuchsine,  safranine,  and  coralline.     These  thi'ee  may  be 
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roughly  distinguished  from  each  other  by  adding  a  dilute  minora! 
acid  :  fuchsine  becomes  yellow,  safranine  violet-blue,  and  coral- 
line gives  a  yellow  jirecipitate. 

FucJisim,  or  Rosaniline,  in  diluted  solution  gives  a  spectrum 
indicated  in  fig.  No.  27.  Tlie  absorption-band  is  sliarp  and 
decided,  and  keeps  the  same  place,  or  very  nearly  so,  whether 


EXPLANATION  OF  FIG.  12.  85 

No.   1.  A  diagrammatic  re])resentation  of  the  bands  of  No.  2. 
,,     2.  Absorption  spectra  of  clear  blue  cobalt  glass. 
,,    3.  Absorption  spectra  of  dark  blue  cobalt  glass. 
,,     4.  Diagrammatic  representation  of  No.  3. 
„     5.  Alcoholic  solution  of  alizarine. 

,,     C  Alcoholic  solution  of  alizarine  made  alkaline  •with  ammonia, 

, ,     7.  Aqueous  ammoniaxial  solution  of  alizarine. 

,,     8.  Alcoholic  solution  of  alizarine  made  alkaline  by  potash. 

,,     9.  Sulpho.xanthra(juinone  in  alcoholic  solution  alkalised  by  potash. 

10.  Aqueous  solution  of  sulphoxauthraquiaoue  made  alkaline  by  potash. 
,,    11.  AlcohoHc  solution  of  purpurine, 
,,    12.  The  same  alkalised  by  ammonia. 

13.  The  same  alkalised  by  potash. 
,,    14.  A  neutral  solution  of  alizarinamid. 
,,    15.  An  ammoniacal  solution  of  alizarinamid, 
,,    IG.  A  neutral  solution  of  purpurinamid. 
„    17.  The  same  alkalised  by  baryta. 
,,    18.  An  aqueous  solution  of  cochineal. 
,,    19.  A  dilute  alcoholic  solution  of  cochineal. 

i,   20.  Cochineal  in  concentrated  watery  solution  with  (a.)  nitric  acid, 
(6.)  ammonia. 

,,   21.  Logwood,  (as.)  concentrated  watery  solution,  (^j. )  dilute. 
,,   22.  The  same  with  the  addition  of  uitric  acid, 

.    .    .    The  same  alkalised  by  ammonia. 
,,   23.  A  decoction  of  brazil-wood. 
,,   24.  The  same  alkalised  by  ammonia. 
,,   25.  Litmus,  (a.)  concentrate<l,  (b.)  dilute, 
,,   2G.  The  same  made  acid,  (a.)  concentrated,  (b.)  dilute. 
,,   27.  Dilute  solution  of  fuchsine, 

28.  Alcoholic  solution  of  coralline. 
,,   29.  Alcoholic  solution  of  cosin,  («.)  concentrated,  (i.)  dilute. 
,,   30.  Safranine,  (a.)  concentrated,  (b.)  dilute. 
„  31.  Naphthaline  red,  (a)  concentrated,  {b.)  dilute. 
,,    32.  Curcuma,  (a.)  concentrated,  (b)  dilute,  (f.)  strongly  diluted. 
,,    33.  Fluoresceine,  (a)  somewhat  concentrated,  dilute. 
,,   34.  Fustic  extract. 

,,   35.  Fresh  chlorophyll  in  alcoholic  solution. 
,,    36.  Old  chlorophyll  solution. 

,,   37.  Wine  colouring-matter,  (I.)  pure,  {II.)  diluted. 
,,   38.  Wine  colouring-matter  +  NHj. 

,,   39.  (I.)  Mallow  colouring-matter  concentrated,  (II.)  Elderberry  con- 
centrated. 

,,    40.  Acid  cherry  :—(/*.)  Acid  cherry,  with  addition  of  tannin. 
,,   41.  Mallow  colouring-matter,  with  the  addition  of  alum. 
,,   42.  ludigo  solutioiu 


86 


FOODS  :  THEIK  COMPOSITION  AND  ANALYSIS. 


[§  59: 


fuchsine  be  dissolved  in  -water,  alcohol,  or  ether.  Diluted  acids 
have  no  effect  on  the  absorption.  It  is  distinguished  from  coral- 
line, which  gives  a  very  similar  spectrum  (see  No.  28)  by  tlie 
yellow  colour  with  acids  already  mentioned. 

Safranine  dissolves  in  alcohol  with  a  fine  rose-red  colour,  with 
a  weak  red  fluorescence.  Its  spectrum  is  shown  in  No.  30 
(a,  concentrated  solution,  b,  dilute) ;  it  is  like  that  of  eosin 
(No.  29),  but  the  spectrum  of  eosin  is  changed  by  nitric  acid, 
that  of  safranine  is  unchanged.  From  a  solution  containing 
safranine,  safranine  may  be  extracted  by  shaking  it  up  with 
its  own  volume  of  amyl-alcohol  in  the  tube  ah-eady  described, 
page  69. 

The  spectrum  of  naphthaline-red  is  figured  No.  31.  Of  these 
red  colours  the  most  likely  to  be  found  as  a  colouring  of  vegetable 
juices,  &c.,  is  fuchsine. 

Coralline,  obtained  by  treating  phenol  with  sulphuric  and 
oxalic  acids,  and  crystallised  from  alcoholic  solution,  forms  fila- 
mentous, interlacing,  and  lustrous  scarlet  crystals  ;  or  if  crystal- 
lised from  acetic  acid,  it  then  forms  magenta-coloured  rhombic 
crystals.  The  crystals  are  red  by  transmitted,  and  dark-green 
by  reflected  light ;  on  rubbing  they  become  strongly  electric ; 
they  are  insoluble  in  carbon  disulphide,  soluble  in  phenol,  and  to 
some  degree  in  boiling  chloroform  and  boiling  benzine.  The 
melting  point  of  the  crystals  is  150°. 

Alkanet,  the  root  of  Anchusa  tinctorial  contains  a  red  colour- 
ing-matter, insoluble  in  water,  but  soluble  in  alkalies,  alcohol, 
ether,  and  fatty  oils.  The  colouring-matter  appears  to  be  an 
acid,  anchusic  acid,  CggH^oPg .  In  dilute  solutions  the  spectrum 
shows  three  absorption-bands ;  on  the  addition  of  a  trace  of  a 
magnesium  salt,  a  fourth  absorption-band  appeal's,  hence  alkanet- 
red  is  a  test  for  magnesium  salts,  and  conversely  a  magnesium 
salt  is  a  test  for  alkanet-red.*  It  may  not  unfrequently  be  found 
as  the  colouring-matters  of  tooth  tinctures,  hair  oil,  &c. 

Madder. — The  root  of  the  madde?-,  Ruhia  tinctorium,  contains 
two  colouring-matters — alizarine  and  purpurine  — with  others 
less  studied. 

Alizarin,  C^^HyO^,  crystallises  from  an  alcoholic  solution  in 
yellowish-red  crystals,  and  may  be  sublimed  as  brilliant  red 
needles  at  temj)eratures  a  little  above  100°.  The  needles  are 
sparingly  soluble  in  water,  but  dissolve  freely  in  alcohol  and 
ether.    Alizarine  is  now  made  artificially  on  a  large  scale.  The 

*  Magnesium  salts  also  alter  more  or  less  characteristically  the  spectrum 
of  juice  of  elder  berries,  the  colouring-matters  of  the  beet,  dahlia,  dragon's 
mouth,  horse  chestnut,  hyacinth,  violet,  rhododendron,  purple  aster,  and 
primula  farinosa.    Jiericht  der  Deutsch,  Gesellscha/t,  xiii.,  766-768. 
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alcoholic  solution  of  artificial  alizarine  shows  no  bands,  but 
there  is  extinction  of  the  violet  up  to  the  green  (see  No.  5).  On 
the  addition  of  ammonia  the  solution  changes  to  a  beautiful  red, 
with  weak  bands  in  the  green  (No.  6) ;  the  aqueous  ammoniacal 
solution  gives  two  bands  (No.  7);  the  alcoholic  solution  made 
alkaline  with  potash  gives  evidence  of  a  third  feeble  band  (No.  8). 
Natural  alizarine  is  not  now  much  used,  but  it  may  be  at  once 
distinguished  from  the  artificial  by  its  giving  absorption-bands  iu 
an  alcoholic  solution- 
Alizarine  may  be  also  distinguished  by  chemical  tests  :  co])per 
acetate  added  to  a  solution  in  alcohol  gives  a  purple  precipitate, 
aluminium  acetate  gives  a  red  precipitate  in  an  alkaline  solu- 
tion, and  ferrous  acetate  and  other  ii-on  salts  give  a  dark  blue 
violet  precipitate.  Blue  precipitates  are  also  formed  on  the  addi- 
tion of  either  barium  chloride  or  calciuin  chloride  to  alkaline 
solutions.  These  precipitates  have  respectively  the  composition 
C\,H^O^Ba  and  Ci^HsO^Ca. 

Pturpurine,  C^^HgOg,  ci-ystallising  from  an  alcoholic  solution 
in  yellow  needles,  and  subliming  like  alizarine  in  red  needles, 
dissolves  in  alkalies  with  a  dark  red  colour  ;  it  gives  not  blue 
but  purple  precipitates  with  the  chlorides  of  calcium  or  barium. 
The  alcoholic  solution  gives  (see  No.  II)  weak  absorption-bands 
at  F  and  at  BJ5.  The  spectrum  on  the  addition  of  ammonia  or 
potash  becomes  very  characteristic  (see  Nos.  12  and  13). 

Safflower. — The  safflower,  Carthamus  iinctorius,  contains  in  its 
petals  several  colouring-matters,  chief  among  which  is  carthamine 
or  carthamic  acid,  C^^^^O^ .  Carthamine  turns  red  in  alkaline 
solutions,  and  may  be  precipitated  red  by  an  acid.  It  is  met 
with  usually  as  a  delicate  pink  or  red  dye,  and  forms  the  usual 
colouring-matter  of  rouge. 

Logviood  contains  a  colouring  -  matter  named  IhonnaloxyUn^ 
f^igHj^Og  -I-  SHjO,  crystallising  from  water  in  yellow  prisms  ; 
this  changes  by  the  action  of  the  air  and  ammonia  into  a  red 
or  purple  substance  named  huimatein,  (CjQHj30y)3N.  It  may 
also  be  produced  by  adding  nitric  acid  to  an  ethereal  solution  of 
ha;matoxylin.  Haematein  always  exists  in  the  free  state  in  the 
wood,  and  an  alcoholic  tincture  gives  the  reaction  of  hajmatein. 
The  spectrum  of  the  logwood  colouring-matters  is  delineated  in 
Nos.  21,  22,  and  23.  Alkalies  turn  the  tincture  first  red,  and  then 
violet.  The  best  test,  however,  i.s  tbe  addition  of  an  aluminous 
salt  to  an  ammoniacal  tincture  of  logwood,  the  result  being  the 
formation  of  an  abundant  bluish  violet  precipitate.  This  reaction 
is  made  use  of  in  the  testing  of  bread  for  alum. 

Brazil-wood,  sapan-wood,  lima-wood,  p(!ac]i-wood,  and  some 
others,  yield  a  glucoside,  which  splits  up  into  sugar  and  brasiline, 
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C.y^T[^0^.  Alkalies  turn  brasiline  a  crimson  colour,  and  the 
crimson  solution  gives  blackish  violet  precipitates,  with  aluminium 
and  stannic  salts.  It  is  oxidised  slowly  in  the  air,  or  rapidly  by 
the  action  of  nitric  acid  into  a  red  crystalline  body,  brasilein, 
(02213^^07)3^.  The  spectrum  of  brazil-wood  extract  in  solution 
is  delineated  in  Nos.  23  and  24. 

There  is  also  a  red  colouring-matter  yielded  by  the  santal 
wood,  named  "  santalin"  and  occurring  in  microscopic  red 
crystals  insoluble  in  water,  but  dissolving  in  alcohol,  with  a  red 
colour,  turning  to  violet  on  the  addition  of  alkalies. 

§  60.  Orange  and  Yellow. — The  most  common  oranges  and 
yellows  are  the  annatto  colours  :  curcuma,  picric  acid,  fustic, 
chrysophanic  acid,  gamboge,  aniline  orange,  and  naphthaline 
yellow. 

The  Annatto  Colours. — The  colouring-mattei'S  of  the  annatto 
are  two  substances,  one  a  yellow,  oreltin  ;  another  a  cinnabar 
red  substance,  bixin.  The  latter  is  described  in  the  article 
on  "  Annatto."  The  annatto  colouring-matters  are  not  soluble 
in  water,  but  are  easily  dissolved  by  alcohol.  The  alcoholic 
solution  is  orange  red,  and  non-fluorescent.  On  the  addition 
of  nitric  acid  it  becomes  turbid.  On  dilution  with  water,  there 
is  a  strong  fluorescence,  and  it  becomes  yellow-green.  It  then 
absorbs,  like  ferric  chloride,  the  whole  left  side  of  the  spectrum 
E,  and  half  to  D. 

Turmeric  is  the  root  of  Curcuma  longa.  The  colouring-matter 
is  curxtimin,  CgHj^Og,  insoluble  in  cold  water,  and  sjiaringly 
soluble  in  boiling  water.  It  is  very  soluble  in  alcohol,  and  forms 
brilliant  yellow  crystals.  Turmeric  moistened  with  boric  acid 
and  dried  assumes  an  orange  coloixr,  changed  by  alkalies  into  a 
blue  ;  this  is  due  to  the  formation  of  a  compound  soluble  in 
alcohol,  forming  a  red  solution,  and  crystallising  in  lustrous 
green  crystals,  to  which  the  name  of  rosocjanin  has  been  given. 
No.  32  shows  the  spectroscopic  appearances  of  curcumin. 

Picric  Acid  (CgH3(N02)30),  also  called  carbazoiic  acid  and 
trinitrophenol,  is  formed  commercially  by  acting  on  phenol,  by 
dissolving  it  in  sulphuric  acid,  and  then  treating  the  solution 
with  nitric  acid.  It  crystallises  from  hot  water  in  yellow  plates, 
having  a  very  bitter  taste.  The  salts  are  explosive.  It  is  taken 
up  from  acid  watery  solutions  by  petroleum-ether,  ether,  or 
benzine,  and  hence  can  be  readily  obtained  pure  enough  for 
examination. 

Picric  acid  is  not  precipitated  by  acetate  of  lead.  The  chief 
chemical  test  is  the  production  of  isopurpurate  of  potash, 
which  is  the  result  of  adding  cyanide  of  potash,  and  gently 
warming. 
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The  reaction  is  represented  as  follows  : — 

C6H3(N02)30  +  3CNK  +  2H2O  =  O8H4N5OCK  +  CO3K2  +  NH3. 

Isopurpiu-ate  of  potash  is  of  a  blood-red  colour. 

Ftistic  is  the  general  name  for  yellow  colours  fovmd  in  the 
wood  of  the  Morus  tinctoria. 

The  wood  contains  two  distinct  colouring-matters  ;  the  one, 
imritannic  acid,  CjgHjgOg-t-  H^O,  soluble  in  hot  water,  and  form- 
ing yellow  crystals  ;  the  other,  moriyie,  CjoHgOj,  is  but  sparingly 
soluble  in  water  ;  crystallised  from  alcohol  the  substance  forms 
yellow  needles.  Both  give  yellow  precipitates  with  acetate  of 
lead.  The  spectroscopic  appearances  of  fustic  are  shown  in  No. 
34  (a.)  in  concentrated,  (6.)  in  dilute  solution. 

Chrysojjhanic  Acid,  CjjH^qO^,  appears  to  be  dioxymethylan- 
thraquinone.  It  is  contained  in  the  rhubarb  and  wall  lichen 
(Farmelia  parietina).  In  commerce  it  is  in  the  form  of  six-sided 
tabular  crystals,  of  a  pale  to  an  orange-yellow  colour.  It  is 
very  readily  extracted  from  rhubarb  which  has  been  pre- 
viously macerated  in  water,  pressed,  and  dried,  by  digesting  the 
rhubarb  in  benzine.  The  crystals  are  soluble  in  ether,  oil  of 
turpentine,  coal-naphtha,  benzine,  and  other  hydrocarbons. 

The  spectrum  of  chrysophanic  acid  is  very  similar  to  that  of 
natural  alizarine.  Solutions  of  chrysophanic  acid  give,  with 
alkalies,  a  rich  purple  colour.  An  ammoniacal  solution  of  chry- 
sophanic acid  yields,  with  alum,  a  beautiful  rose-coloured  preci- 
pitate. An  alcoholic  solution  of  subacetate  of  lead  gives,  in  the 
alcoholic  solution,  a  red-white  precipitate.  Chrysophanic  acid, 
on  being  oxidised  with  nitric  acid,  yields  methylanthraquinone, 

Gamboge. — This  is  a  colouring-matter  derived  from  the  Garcinia 
morella,  var.  pedicellata.  It  is  a  gum  resin,  to  which  the  formula 
of  Cj^Hj-Og  has  been  ascribed.  It  is  very  insoluble  in  water,  biit 
soluble  in  alcohol. 

In  order  to  detect  it  in  sweetmeats,  to  which  it  has  occasionally 
been  added,  the  yellow  colouring-matter  is  dissolved  in  alcohol, 
and  precipitated  by  water,  a  reaction  at  once  showing  that  it  is 
of  a  resinous  nature.  The  precipitate,  if  gamboge,  will  give  a 
red  colour  with  an  alkali.  It  is  without  doubt  a  poison- 
ous colour,  but  the  question  of  quantity  must  be  considered. 
Sixty  grains  has  caused  death,  and  five  grains  is  a  medicinal 
doze  ;  and  since  some  persons,  especially  children,  are  peculiarly 
su.sce])tible  to  the  action  of  medicines,  even  (juantities  so  small 
as  a  third  of  a  grain  in  a  couple  of  ounces  of  sweets,  should  bo 
considered  as  having  possibly  an  injurious  action. 
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The  aniline  yellows  and  oranges  may  be  distinguished  from  tlie 
colours  just  described  by  the  tests  described  in  the  general 
scheme  at  page  93. 

§  61.  The  Greens — are  chlorophyll  and  the  aniline  greens. 

Chlorophyll,  the  gi'een  coloui-ing-matter  of  plants.  It  would 
appear  that  it  is  now  possible  to  separate  chlorophyll  in  a  crystal- 
line state.  The  merit  of  this  discovery  belongs  to  A.  Gautier, 
who  crystallised  chlorophyll  in  1877,*  and  two  years  afterwards 
Hoppe-Seyler,t  without  knowing  of  Gautier's  paper,  described 
the  same  substance  under  the  name  of  chlorophyllone.  Gautier's 
method  is  as  follows  : — The  leaves  are  pounded  in  a  mortar,  and 
sodic  cai'bonate  added  in  quantity  nearly  sufficient  to  neutralise 
the  acid  juices,  and  the  product  strongly  pressed.  The  marc  is 
then  exhausted  at  55°,  and  again  strongly  pressed  ;  to  the  ex- 
hausted substance  alcohol  is  added,  and  the  whole  digested  at 
83° ;  chlorophyll,  wax,  pigments,  fat,  and  other  matters  dissolve. 
The  liquid  is  filtered  and  digested  with  coarse  animal  charcoal, 
which  has  been  j^reviously  washed.  At  the  end  of  four  or  five 
days  it  has  lost  its  green  colour,  and  becomes  yellowish-  or 
brownish-green.  The  charcoal  retains  the  chlorophyll,  and  is 
now  washed  with  alcohol  at  65*^  ;  the  latter  removes  a  yellow 
crystallisable  substance  generally  accompanying  chlorophyll,  and 
intimately  allied  to  it  in  composition. 

From  the  animal  black  thus  freed  from  the  yellow  substance, 
chlorophyll  may  be  extracted  by  anhydrous  ether,  or  very  light 
Ijeti'oleum  ether.  A  slow  evaporation  in  the  dark  will  j'^ield  it  in 
crystals.  Thus  obtained,  chlorophyll  forms  fiat,  often  radiating 
crystals,  which  may  be  more  than  a  centimetre  in  length,  soft  iu 
consistence,  and  of  an  intense  green  colour  when  recent,  but  slowly 
changing  to  yellowish-green,  or  greenish-brown.  If  the  crystalli- 
sation is  too  rapid,  these  long  crystals  are  not  obtained,  but  green 
masses  composed  of  microscopical  crystals,  belonging  to  the 
rhombohedral  system. 

Diffused  light  changes  chlorophyll  to  yellowish-green,  and  ulti- 
mately decolourises  it.  The  ci-ystals  dissolve  in  ether,  chloro- 
form, petroleum,  carbon  disulpliide,  and  benzine.  Digested  with 
hydrochloric  acid,  chlorophyll  splits  up  into  two  new  substances, 
one  giving  a  beautiful  blue  solution,  the  other  remaining  insoluble, 
but  dissolving  with  a  brown  colour  in  hot  ether  and  alcohol,  from 
which  it  appears  inclined  to  crystallise.  Fremy,  who  was  the  first 
to  notice  this  splitting-up  of  chlorojDhyll,  called  the  first  substance 
phyllocyanine,  and  the  last  phylloxanthine. 

*  Bulletin  de  la  sociUS  chem.    T.  xxviii.,  1877,  p.  147.    Comptes  renduii, 
Ixxxix.,  p.  861. 
t  Beridil  der  Deutschen  Chem.  Oesellscha/t,  1879. 
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The  ultimate  analyses  of  chlorophyll  by  Hoppe-Seyler  and 
Gautier  agree  fairly  well,  especially  as  Hoppe-Seyler's  chlorophyll 
being  derived  from  monocotyledonous  and  Gautier's  fi'om  dico- 
tyledonous plants,  it  is  possible  there  may  be  some  slight 
difference  in  their  composition.  Chlorophyll  has  not  yet  been 
obtained  free  from  ash. 


Hoppe-Seyler. 

Gautier. 

Carbon, 

73-4 

73-77 

Hydrogen, 

9-70 

9-80 

Nitrogen,  . 

5 -02 

4-15 

Phosphorus, 

1-37 

Phosphates,  Ash, 

1-75 

Magnesia,  . 

!  -34 

Oxygen,  . 

9-57 

10-33 

Mr.  Sorby  has  studied  the  colouring-matters  of  leaves,  and  has 
divided  them  into  five  groups  : — 1,  Chlorophyll  ;  2,  xanthophyll ; 
3,  erythrophyll ;  4,  chrysophyll  ;  and  5,  phaiophyll. 

The  Chlorophyll  group  are  all  green  in  colour  ;  the  members 
are  insoluble  in  water,  but  soluble  in  alcohol  or  carbon  dioxide. 
The  absorption-band  is  in  the  red,  but  the  green  is  more  or  less 
completely  transmitted,  so  that  the  prevailing  tint  is  a  more  or 
less  modified  green.  There  appear  to  be  several  members  of 
the  group,  one  kind  (which  is  probably  the  ciystalline  chlorophyll 
just  described)  occurs  nearly  pure  in  small  aquatic  plants,  allied 
to  the  Oscillatoria  ;  the  green  leaves  of  plants  contain  this, 
along  with  one  which  gives  special  absorjDtion-bands.  A  third 
kind  is  the  result  of  the  action  of  acids  on  this,  found  more 
especially  in  autumnal  leaves  which  have  become  brown.  A 
fourth  is  in  faded  Conferv£e,  and  turns  blue  when  acted  upon  by 
hydrochloric  acid  (Fremy's  phyllocyanine  fj 

Xanthophyll. — This  is  a  group  of  orange  colours.  They  are 
insoluble  in  water,  but  soluble  in  alcohol  or  carbon  disulphide. 
The  general  tint  of  the  spectrum  is  orange,  there  is  absorption  at 
the  blue  end,  often  more  or  less  marked  narrow  bands.  These 
bands  are  best  seen  in  carbon  disulphide  solution.  Examples  of 
two  species  of  xanthophyll  are  the  inner  and  outer  layers  of  the 
common  carrot. 

Erythrophylll. — A  group  of  reds.  They  are  soluble  in  water 
and  weak  alcohol,  but  not  in  carbon  disulphide.  There  are  many 
varieties.  There  is  a  strong  absorption  in  the  green  parts  of  the 
spectrum. 

Chrysophyll  is  a  golden-yellow  colour,  soluble  in  water  and 
weak  alcohol,  like  the  last,  and  insoluble  in  carbon  disulphide. 

The  Phaiophyll  group  consists  of  various  browns,  duo  to  the 
oxidation  of  chlorophyll.  They  give  no  definite  absorption- 
bands. 
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The  spectrum  of  chlorophyll  is  delineated  in  Nos.  35  and  36. 
No.  35  is  an  alcoholic  solution  of  fresh  chlorophyll.  There  are 
two  well-defined  absorption-bands  in  the  red,  and  two  others, 
somewhat  weaker,  between  E  and  D.  The  blue  end  of  the 
spectrum,  up  to  F,  is  dark.  Old  solutions  (No.  36)  alter  the 
bands  somewhat,  and  a  fifth  band  appears  between  F  and  C. 

Green,  if  not  due  to  chlorophyll,  nor  to  colouring-matters  of 
copper  or  metallic  origin,  will  probably  be  aldehyde  green,  or 
iodine  green,  or  the  chlorinated  derivative  of  the  lattei',  which 
is  said  to  be  an  equally  good  tinctorial  agent. 

These  may  be  distinguished  by  the  tests  in  the  general  scheme 
given  farther  on.* 

§  62.  Indigos  and  Violets. — The  chief  blues  to  be  found,  not 
of  mineral  origin,  are  indigo,  litmus,  and  the  aniline  colours. 

Indigo. — Indigo  is  the  produce  of  a  great  number  of  plants, 
most  of  which  belong  to  diffei'ent  species  of  Indogifera.  It  would 
seem  that  the  indigo  exists  in  these  plants  in  the  form  of  a 
syrupy  glucoside,  which  has  been  named  indiean,  and  splits  up 
into  indighicin  and  indigo-blue,  according  to  the  equation, 

Indiean.  Water. 
CsjHeaNaOs^  4H;0  =  CieHioNaOo  -fCCeHijOB. 

In  the  ti'eatment  of  the  crude  substance  by  acids,  other  red 
and  yellow  colouring-matters  are  thrown  down  Avith  the  indigo. 
Pure  indigotin  has  to  be  freed  from  these  impurities,  and  may  be 
crystallised  in  minute  crystals.   It  is  also  capable  of  sublimation. 

Crystalline  indigotin  is  of  a  deep  purple  colour,  and  is  insoluble 
in  water,  dilute  acids,  and  alkalies.  It  is  converted  into  orange 
crystals  of  isaiin,  Cj^^H.^f^'N^O^,  by  treatment  with  oxidising 
agents.  Indigotin  is  dissolved  in  concentrated  sulphuric  acid, 
and  two  compounds  are  formed — the  one,  indigo  monosiilphonic 
acid,  or  indigo-purpuric  acid,  Cj^gHgN20.2(SOgH),  which  is  first 
formed;  and  the  other  indigo  disulphonic  acid,  CjgH3No02(S03H)2, 
which  is  formed  later.  The  first  is  easily  separated  from  the 
second,  for  it  is  precipitated  by  the  addition  of  water.  A  sodium 
salt  of  indigo-sulphuric  acid  is  used  much  in  laboratories  under 
the  name  of  indigo-carmine  as  a  test  for  nitrates,  as  well  as 
for  their  estimation,  oxidising  agents  converting  it  into  isatin- 
sulphonic  acid,  Ci(jHgN204(S03H)2,  whicli  lias  an  orange  colour ; 
hence,  when  a  liquid  containing  a  nitrate  is  acidified  strongly 

*  Rininan's  green  may  be  met  with  ;  it  essentially  consists  of  oxide  of 
zinc,  coloured  with  oxide  of  cobalt.  Sometimes  arsenic  is  used  in  its  manu- 
facture ;  if  arsenic  free,  and  in  small  quantity,  it  is  a  harmless  colouring 
material.  There  is  also  an  auiline  green  which  is  a  compound  with  zinc 
chloride. 
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with  stilphviric  acid,  and  a  solution  of  indigo-carmine  run  into  the 
hot  solution,  the  coloiir  changes  at  first  to  yellow  until  an  excess 
of  indigo  has  been  added.  The  spectrum  of  indigo,  in  concen- 
trated solution,  is  shown  in  No.  42.  There  are  no  bands,  but 
absorption  of  the  red,  orange,  and  yellow  end  of  the  spectrum. 

Litmus  is  a  blue  colour  obtained  from  lichens,  and  very  familiar 
to  chemists  as  an  indicator  of  acids.  Asa  colouring  agent  of 
either  foods  or  stuffs,  it  is  of  little  importance,  not  being  a  "  fast 
colour."    Its  spectrum  is  shown  at  Nos.  25  and  26. 

§  63.  Brown  Colours. — Caramel. — All  shades  of  brown,  fl-om 
a  rather  delicate  fawn  colour  up  to  black  or  nearly  so,  can  be 
given  by  caramel.  Caramel  is  not  a  single  simple  substance, 
but  a  mixture  of  various  colouring-matters  derived  from  tlie 
dehydration  of  sugar.  Caramel  is  soluble  in  watei',  and  is  pre- 
cii)itated  by  alcohol. 

Caramel,  as  it  usually  occurs,  is  almost  all  soluble  in  water, 
and  gives  precipitates  with  alcohol,  ammoniacal  lead  acetate,  and 
baryta  water.  It  gives  a  spectrum  without  definite  absorption- 
bands,  but  extinguishes  the  blue  side  of  the  spectrum,  like 
ferric  chloride.  Caramel  may  be  suspected  in  a  brown  liquid  not 
coloured  by  a  mineral  substance,  which  is  not  decolourised  when 
sufficient  tannin  is  added,  for  the  colouring-matter  of  berries  is 
jDrecipitated  by  tannin.  Among  the  members  of  caramel,  tliere 
are  three  principal  substances — viz.,  caramelane,  CjoH.^gOg,  cara- 
meline,  and  caramelin. 

Caramelane  makes  up  the  chief  bulk  of  ordinary  caramel.  It 
is  brown,  hard,  and  brittle,  bitter  to  the  taste,  without  odour, 
deliquescent,  and  very  soluble  in  water,  si)aringly  soluble  in 
weak  alcohol,  insoluble  in  ether.  It  does  not  precipitate  metallic 
salts  in  aqueous  solutions,  but  reduces  an  alkaline  solution  of 
oxide  of  copper,  and  also  the  salts  of  gold  and  silver. 

Carameline  may  be  separated  from  caramelane  by  first  extract- 
ing the  latter  by  alcohol  of  84  per  cent.,  exhausting  with  cold 
water,  and  precipitating  with  absolute  alcohol.  It  is  a  brittle 
solid,  of  great  tinctorial  power  ;  it  is  easily  soluble  in  water, 
sparingly  in  alcohol,  insoluble  in  ether. 

Caramelin  is  a  mixture  of  three  substances  of  diflerent  solubili- 
ties; it  is  black,  shining,  and  infusible.  Its  solutions  precipitate 
metallic  salts,  and  reduce  gold  and  silver  solutions. 

§  64.  The  following  useful  scheme  may  bo  followed  in  the  de- 
tection of  unknown  colouring-matters.  Jt  is  based  on  the  scheme 
originally,  in  part,  recommended  by  Professor  Stein,  in  order  to 
detect  the  dyes  of  various  fabrics  ;  hwi  it  is  available,  with  the 
modifications  introduced,  wlien  aj>pliod  to  the  investigation  of 
coloured  foods,  &c. : — 
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RED  COLOURS. 

A.  Heat  with  Ammonium  Sulphide. — A  greenish  or  bluish  colour,  which, 

by  the  action  of  baryta  water,  is  changed  into  green — ALOES 
PURPLE.    If  the  liquid  becomes  purple,  ARCHIL  is  also  present. 

B.  Boil  with  a  Solution  of  Aluminium  Sulphate. 

a.  The  liquid  is  coloured  I'^d,  with  a  beetle-green  reflection — MADDER. 
(Coufirmby  spectroscope.) 

h.  The  liquid  becomes  red,  but  there  is  no  reflection.  Add  an  equal  volume 
of  sodium  sulphite. 

(I.)  It  is  bleached.  Presence  of  BRAZIL-WOOD,  SANTAL,  MAGENTA, 
CORALLINE,  SAFRANIN. 

Boil  with  Alcohol  of  80  per  cent. 

a.  The  liquid  colours  distinctly.  If  bluish -red,  MAGENTA;  if  yellowish- 
red,  SANTALIN. 

h.  Liquid  colours  very  little,  or  not  at  all— BRAZIL-WOOD,  CORAL- 
LINE, SAFFLOWER. 

(1.)  Heat  with  lime  water.  No  colour— SAFFLOWER.  Red  colour— 
BRAZIL-WOOD,  CORALLINE. 

(2.)  Heat  with  dilute  sulphuric  acid.  Orange  colour — BRAZIL-WOOD. 
Yellow  turniug  to  grey  on  addition  of  copper  chloride — CORAL- 
LINE.   (Con Arm  by  spectroscope.) 

(2.)  It  is  not  bleached  — COCHINEAL  LAC  -  DYE,  LAC  -  DYE, 
KERMES,  ARCHIL. 

(a.)  Boil  with  alcohol;  liquid  becomes  red— ARCHIL.  If  it  only  faintly 
colours,  or  at  least  if  the  colour  is  not  decided,  it  may  be 
COCHINEAL,  LAC-DYE,  KERMES, 

(h  )  Heat  \vith  baryta  water;  no  change— LAC-DYE  ;  the  liquid  becomes 
red— COCHINEAL,  KERMES. 

(c  )  Heat  with  lime  water:  a  red  colour — KERMES;  a  violet  colour — 
COCHINEAL. 

YELLOWS. 

Heat  with  a  dilute  solution  of  neutral  ferric  chloride. 

A''.  B.  —This  test  must  be  applied  when  the  colouring-matter  is  separated 
in  a  fairly  pure  state. 

A.  Colour  but  little  altered— ANN ATTO,  TURMERIC,  ANILINE 
YELLOW,  PICRIC  ACID,  NAPHTHALINE  YELLOW.  Test 
with  a  drop  of  concentrated  suljihui-ic  acid:  a  blue  or  green  colour 
is  produced— ANN  ATTO.  If  the  spot  becomes  at  once,  or  after 
a  little  time,  more  or  less  brown  or  red,  then  add  alcohol,  with  a 
few  drops  of  hydrochloric  acid  and  some  boi-ic  acid. 

(a.)  Liquid  becomes  of  an  intense  pink  colour,  and  on  diluting  with  water, 
there  is  a  reddish-yellow  colour — TURMERIC. 

(b.)  Pale  pink  colour,  on  dilution  with  water,  crimson  —  ANILINE 
YELLOW. 
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(c.)  There  ia  no  change  of  colour  on  the  addition  of  hydrochloric  acid,  &c. 
Heat  with  ammoniacal  copper  solution,  hluish-qreen ;  confirm  the  pre- 
sence of  picric  acid  by  the  cyanide  of  potash  test,  a  blood-red  colour— 
PICRIC  ACID  ;  the  colour  becomes  an  olive  green— NAPHTHA- 
LINE YELLOW. 

1!.  Various  shades  of  colour  from  green  to  almost  black— MADDER  YEL- 
LOW, FUSTIC,  FUSTET,  QUERCITRON,  FLAVIN,  BER- 
RIES, WELD.  Boil  with  aluminium  sulphate,  with  the  addition  of 
an  equal  volume  of  water  ;  liquid  becomes  yellow,  with  a  red  reflec- 
tion-MADDER  YELLOW,  with  tin.  Yellow,  with  a  bluish-green 
reflection — FUSTIC.  Liquid  yellow  without  reflection.  Heat  with 
baryta  water,  a  red  colour — FUSTET.  The  colour  is  only  darkened. 
Boil  with  glacial  acetic  acid.  On  cooling,  if  the  liquid  is  yellow,  or 
greenish-yellow— ENGLISH  FLAVIN.  '  If  the  solution  is  not  at  all, 
or  only  faintly,  coloured,  boil  with  basic  lead  acetate.  This,  with, 
regard  to  fabrics,  if  a  tissue  is  dyed  with  WELD,  the  tissue  will  not 
change  colour;  if  with  QUERCITRON  or  BERRIES,  the  tissue 
will  change  to  orange-brown;  but  articles  of  food  will  be  scarcely 
coloured  with  these  substances. 


GREEN  COLOURS. 

If  the  green  colouring-matter  is  not  soluble  in  water,  it  is  probably 
chlorophyll,  unless  indeed  it  is  a  mineral  colouring  substance.  Chlorophyll 
best  recognised  by  the  spectroscopic  characters  of  its  alcoholic  solution 
(see  page  90).    If  not  chlorophyll  nor  a  mineral  substance,  then 

A.  Boil  with  a  moderately  concentrated  solution  of  potassic  cyanide. 

(a.)  Colour  changes  into  brown  or  yellow— ANILINE  GREEN,  GREEN, 
containing  INDIGO-SULPHURIC  ACID  (carmine  green). 

(/>. )  Does  not  change,  or  changes  into  a  brownish-  or  yellowish- sreen — 
GREEN,  containing  INDIGO  with  or  without  CARMINE  GREEN 

B.  In  any  of  the  foregoing  cases  add  an  equal  volume  of  water,  and 

then  a  solution  of  aluminium  sulphate  until  an  abundant  jn-ecipitate 
is  formed ;  filter  and  wash.  (Excess  of  the  precipitate  must  be  avoided.) 

(a.)  Filtrate  yellow  or  reddish— ANILINE  GREEN. 

(/<•)  Filtrate  bluc-(l)  precipitate  colourless— CARMINE  GREEN  with 
PICRIC  ACID;  (2)  precipitate  yellow  CARMINE  GREEN 
with  a  vegetable  yellow.  Dissolve  the  yellow  preci[iitatc  in  water, 
add  sulphuric  acid,  and  filter  :  a  green  fluorescence — FUSTIC;  no 
fluorescence  —  WELD,  TURMERIC.  Tost  for  turmeric  in  the 
original  substance  by  boiling  with  alcohol,  and  adding  boric  and 
hydrofluoric  acids. 

(a.)  Filtrate  colourless,  precipitate  yellow— INDIGO. 

(&.)  Filtrate  blue;  if  the  preci])itato  is  colourless,  PICRIC  ACID  may  be 
present,  and  should  be  tested  for;  if  coloured,  there  is  probably  a 
vegetable  colour  present. 
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BLUE  COLOURS. 

Dissolve  out  the  colouring-matter  with  alcohol  of  80  per  cent.,  or  treat  the 
substance  itself  with  alcohol,  allowins^  it  to  remain  in  the  li(iui(l,  and 
add  a  few  drops  of  hydrochloric  acid:  a  red  colour— LOGWOOD. 
Confirm  by  adding  to  an  alcoholic  solution  ammonia  and  then  alum  ; 
a  blue  or  violet  precipitate  should  result.  If  the  liquid  does  not  dis- 
solve any  of  the  colour,  it  is  most  probably  Prussian  blue,  but  it  may 
also  be  indigo.  If,  on  the  other  hand,  although  some  of  the  colour  is 
extracted,  vet  the  substance  still  remains  blue,  it  is  probably  ANI- 
LINE BLUE  or  INDIGO-SULPHURIC  ACID.  Add  strong  sul- 
phuric acid,  with  INDIGO-SULPHURIC  ACID,  no  change.  The 
colour  chancres  into  a  yellower  reddish-brown  in  presence  of  ANI- 
LINE BLUE.  On  heating  with  sodium  carbonate  again,  INDIGO 
is  not  changed,  but  PRUSSIAN  BLUE  is  changed  into  yellow  or 
brown. 

VIOLET  AND  PURPLE  COLOURS. 
Heat  with  ammonium  sulphide. 

A.  The  tissue  is  bleached;  soluble  ANILINE  VIOLET,  MAGENTA,  with 

INDIGO  CARMINE.  These  two  may  be  distinguished  by  the 
action  of  boiling  alcohol:  SOLUBLE  VIOLET  remains  violet, 
MAGENTA  becomes  red,  the  substance  becomes  brownish-red. 

Presence  of  MAUVE,  or  HOFFMAN'S  VI9LET.  These  may  be  distin- 
guished by  the  addition  of  hydrochloric  acid,  which  colours  HOFF- 
MANN'S VIOLET  yellow,  but  MAUVE  becomes  purple. 

B.  Turns  olive  brown — ALKANET.    (Confirm  by  spectrum.) 

D.  Hardly  any  change.  Presence  of  ARCHIL,  ARCHIL  with  INDIGO, 
LOGWOOD,  or  MADDER. 

Boil  with  alcoliol — 

a.  The  solution  is  pink,  and  changes  to  violet  on  the  addition  of  animnnia 
ARCHIL;  if  the  ARCHIL  is  accompanied  with  INDIGO,  liot 
chloroform  will  colour  blue. 

6.  Solution  in  alcohol  remains  colourless.  Heat  with  dilute  hj'drochloric  acid: 
LOGWOOD  is  coloured  red,  and  may  be  further  identified  hy  test 
already  given;  if  INDIGO  is  associated  with  it,  hot  chloroform  will 
colour  blue.  With  hydrochloric  acid,  madder,  jf  it  is  coloured  at  all, 
becomes  yellow. 

The  accompanying  Tables  will  also  be  found  iiseful  in  the 
identification  of  oi'ganic  colours. 

THE  MINERAL  MATTERS  OR  "ASH"  OF  FOOD. 

ANALYSIS  OF  THE  ASH  OF  ORGANIC  SUBSTANCES. 

§  Go.  As  a  general  rule,  testing  the  ash  for  abnormal  inetals 
and  alkaline  earths  is  necessary,  and  more  especially  if  tlie  asli 
present  any  unusual  character,  whether  in  weight,  colour,  or 


)d  or  suspended,  is  extracted  by 

Ohlorofonn. 

j                Amyl  alcohol. 

Anilim 
r- 
1- 

[ 

As  ether. 

• 

Is  coloured  red,  extracts  easily, 
gives  a  residue. 

Anili 

is 

But  little  coloured;gives 
but  small  residue. 

Extracts  both  dissolved  an  d  sus- 
pended, is  coloured  violet,  and 
gives  a  residue. 

Anili 
viol 

1 

i 

As  benzine. 

As  with  aniline  violet. 

Aniliiis 
(inade 

As  ether. 

As  ether,  but  a  larger  quantity 
dissolved. 

Anilii 
(soli 

Only  traces. 

As  with  the  insoluble. 

Anilitth  petroleum  ether,  only  in  greater  quantity. 

Picric 

d 
e. 

As  with  petroleum 
ether. 

As  with  ether,  only  in  greater 
quantity. 

Styphj 

As  with  petroleum 
ether. 

Is  dissolved  easier  than  picric 
acid,  the  solution  yellow. 

Chryaj 
acid. 

As  with  benzine. 

As  with  benzine,  only  easier 
soluble. 

Aniliner 

As  benzine. 

Dissolves    easily;  solution 
greenish  -  yellow,  residue 
brownish. 

Havar 

Extracts  very  little. 

Dissolves  easily;  solution  deep 
red-brown,   residue  brown 
amorphous. 

Vesuv 

Takes  less  up  than 
benzine. 

Dissolves  easily;  solution  deep 
red  -  brown,  residue  amor- 
phous. 

Coralli 

i- 

Solution  yellow  to  deep 
brown. 

As  ether  and  chloroform. 
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BLUE  COLOURS. 

Dissolve  out  the  colouring- matter  with  alcohol  of  80  per  cent.,  or  treat  the 
substance  itself  with  alcohol,  allowing  it  to  remain  in  the  liquid,  and 
add  a  few  drops  of  hydrochloric  acid  :  a  red  colour— LOGWOOD. 
Confirm  by  adding  to  an  alcoholic  solution  ammonia  and  then  alum  ; 
a  blue  or  violet  precipitate  should  result.  If  the  liquid  does  not  dis- 
solve any  of  the  colour,  it  is  most  pi-obably  Prussian  blue,  but  it  may 
also  be  indigo.  If,  on  the  other  hand,  although  some  of  the  colour  is 
e.xtracted,  yet  the  substance  still  remains  blue,  it  is  probably  ANI- 
LINE BLUE  or  INDIGO-SULPHURIC  ACID.  Add  strong  sul- 
phuric acid,  with  INDIGO-SULPHURIC  ACID,  no  change.  ^  The 
colour  changes  into  a  yellower  reddish-brown  in  presence  of  ANI- 
LINE BLUE.  On  heating  with  sodium  carbonate  again,  INDIGO 
is  not  changed,  but  PRUSSIAN  BLUE  is  changed  into  yellow  or 
brown. 

VIOLET  AND  PURPLE  COLOURS. 
Heat  with  ammonium  sulphide. 

A.  The  tissue  is  bleached;  soluble  ANILINE  VIOLET,  MAGENTA,  with 

INDIGO  CARMINE.  These  two  may  be  distinguished  by  tlie 
action  of  boiling  alcohol:  SOLUBLE  VIOLET  remains  violet, 
MAGENTA  becomes  red,  the  substauce  becomes  brownish-red. 

Presence  of  MAUVE,  or  HOFFMAN'S  VIOLET.  These  may  be  di<5tin- 
i^uished  by  the  addition  of  hydrochloric  acid,  which  colours  HOFF- 
MANN'S VIOLET  yellow,  but  MAUVE  becomes  purple. 

B.  Turns  olive  brown — ALKANET.    (Confirm  by  spectrum.) 

D.  Hardly  any  change.  Presence  of  ARCHIL,  ARCHIL  with  INDIGO, 
LOGWOOD,  or  MADDER. 

Boil  with  alcohol — 

a.  The  solution  is  pink,  and  changes  to  violet  on  the  addition  of  auimniiia 

ARCHIL;  if  the  ARCHIL  is  accompanied  with  INDIGO,  liot 
chloroform  will  colour  blue. 

b.  Solution  in  alcohol  remains  colourless.   Heat  with  dilute  hydrochloric  acid: 

LOGWOOD  is  coloured  red,  and  may  be  further  identified  by  te.<t 
already  given ;  if  INDIGO  is  associated  with  it,  hot  chloroform  will 
colour  blue.  With  hydrochloric  acid,  madder,  if  it  is  coloured  at  all, 
becomes  yellow. 

The  accompanying  Tables  will  also  be  found  useful  in  the 
identification  of  organic  colours. 

THE  MINERAL  MATTERS  OR  "ASH"  OF  FOOD. 

ANALYSIS  OF  THE  ASH  OF  ORGANIC  SUBSTANCES. 

§  Gn.  As  a  general  rule,  testing  the  asli  for  abnormal  metals 
and  alkaline  earths  is  necessary,  and  more  especially  if  the  ash 
present  any  unusual  character,  whether  in  weight,  colour,  or 


TABLE  I. 


Name. 

The  Acid  Watery  Fluid  is 
coloured 

In  Water  aeidifled  with  Sulphuric  Acid  dissolved  or  suspended,  is  extracted  by 

Petroleum  Ether. 

Benzine. 

Ether. 

Ohlorofonn. 

Amyl  alcohol. 

Nothing. 

Only  impurities. 

Traces    which,  when 
dissolved,  are  colour- 
less, but,  on  evapora- 
tion, red. 

As  ether. 

• 

Is  coloured  red,  extracts  easily, 
gives  a  residue. 

Aniline  violet. 

But  little  coloured,  for 
the  greater  part  sepa- 
rates. 

Nothing. 

Only  impurities. 

Is  coloured  Ulac,  and 
leaves  behind  traces 
of  a  violet  i-esidue. 

Butlittlecoloured;gives 
but  small  residue. 

Extracts  both  dissolved  and  sus- 
pended, is  coloured  violet,  and 
gives  a  residue. 

Aniline  new 
violet. 

Violet  from  the  solution 
of  a  portion. 

Nothing. 

Only  traces. 

As  benzine. 

As  benzine. 

As  with  aniline  violet. 

A 1111 1  He  UlUC 

{insoluble). 

All  separated^  water 
colourless. 

Nothing. 

Traces  which,  on  ex- 
posure to  air,  are 
coloured,  and  give  a 
blue  residue. 

Extracts  copiously; 
coloured  strongly  pa 
gold. 

is 
le 

As  ether. 

As  ether,  but  a  larger  quantity 
dissolved. 

Aniline  blue 
(soluble). 

Blue. 

Nothing. 

As  with  the  insoluble 
blue,  but  residue 
greenish-blue. 

Only  traces. 

Only  traces. 

As  with  the  insoluble. 

Aniline  yellow. 

Bright  yellow. 

Is  coloured  yellow;  de- 
posits yellow  crystals 
spontaneously  and  on 
evaporation. 

As  with  petroleum 
ether. 

As  with  petroleum  ether,  only  in  greater  quantity. 

Picric  acid. 

Bright  yellow. 

Is  not  coloured,  but 
leaves  on  evaporation 
a  yellow  residue. 

As  with  petroleum 
ether. 

Is  coloured  yellow,  and 
gives  a  yellowresidue. 

As  with  petroleum 
ether. 

As  with  ether,  only  in  greater 
quantity. 

Styphnic  acid. 

Bright  yellow. 

As  with  picric  acid,  but 
a  smaller  portion  is 
dissolved. 

As  with  petroleum 
ether. 

As  with  petroleum 
ether. 

Is  dissolved  easier  than  picric 
acid,  the  solution  yellow. 

Chry  samm  ic 
acid. 

Yellow  neutral,  solu- 
tion red. 

Nothing. 

Is  coloured  yellow;  the 
separated  benzine  is 
red  when  shaken  with 
caustic  potash. 

As  with  benzine. 

As  with  benzine,  only  easier 
soluble. 

Aniline  orange. 

Bright  yellow,  with 
greenish  flocks. 

Only  impurities. 

Is  coloured  yellow,  and 
gives  a  brownish- 
yellow  residue. 

As  benzine,  but  easie 
soluble. 

r 

As  benzine. 

Dissolves     easily;  solution 
greenish  -  yellow,  residue 
brownish. 

Havanna  brown. 

Dark  brown. 

Only  impurities. 

Is  coloured  blue-yellow; 
residue  amorphous 
brown. 

Extracts  very  little. 

Extracts  very  little. 

Dissolves  easily;  solution  deep 
red-brown,   residue  brown 
amorphous. 

Vesuvin. 

Brown. 

Only  impurities. 

Is  coloured  yellow;  re- 
sidue brown  amor- 
phous. 

Takes  less  up  than 
benzine. 

Takes  less  up  than 
benzine. 

Dissolves  easily;  solution  deep 
red -brown,  residue  amor- 
phous. 

(Joralline. 

Yellow,  but  little 
dissolved. 

Only  impurities. 

Only  impurities. 

Dissolves  much;  res 
due  orange. 

- 

Solution  yellow  to  deep 
brown. 

As  ether  and  chloroform. 

i 


TABLE  II. 


Name. 

The  Ammoniaoal  Solution 
is  coloured 

Dissolved  in  Ammoniacal  Water,  and  extracted  by 

Petroleum  Ether. 

Benzine. 

Ether. 

Ohloroform. 

Amjlaloohol. 

Aniline  red- 

Almost  coloui'less. 

Becomes  fluorescen 
but  only  dissolves 
trace,   probably  ia 
purities. 

t, 
a 
I- 

Is    coloured  yellow, 

O  f  1.  \JJ-I^J.j/        -l_L  IA.\JL  \^0\/\^±L  V  J 

residue  red. 

Is  coloured  bluish;  the 

residue  as  with  benzine. 

Is  coloured  deep  red;  the  resi- 
due  blue-red. 

Aniline  violet. 

Almost  colourless. 

As  witb  aniline  red. 

As  with  aniline  red, 
only  the  residue  is 
violet. 

Is  coloured  bluish;  the 
residue  violet. 

Is  coloured  a  violet- 
blue;  residue  likewise 
violet. 

Is  coloured  a  deep  violet-red; 
residue  violet. 

Aniline  new 
■\-iolet. 

Almost  colourless. 

Nothing. 

Nothing. 

Only  traces. 

Less  than  from  acid;  the  resi- 
due the  same  as  from  acid. 

Aniline  blue 
(insoluble). 

Discoloured, 

Is  coloured  red-browi 
residue  bluish. 

As  with  petroleum 
ether. 

As  with  petroleum  ether. 

1 

More  is  dissolved,  but  other- 
wise as  petroleum  ether. 

Aniline  blue 
(soluble). 

Reddish. 

Nothing. 

Only  a  little  extracted. 

Only  a  little  extracted. 

Is  coloured  yellow,  and  gives 
a  blue  residue. 

Amline  yellow. 

Dark  brown. 

At  first  yellow,  bu 
again  separating,  an 
becoming  colourless. 

u 

d 

jcjA.uxcici;S  trdces. 

Is  coloured  yellow,  but 
little  is  extracted. 

As  with  benzine. 

is  coloured  yellow,  residue 
yellow. 

Aniline  orange. 

Brown. 

Nothing. 

-Cf  A  tracts  T;iaces. 

Is  coloured  yellow,  and 
leaves  a  small  yellow 
residue. 

As  with  benzine. 

acid  solution. 

Havanna  brown. 

Clear  brown  and  dis- 
coloured . 

Is  fluorescent  in  the 
green;  residue  brown- 
ish. 

As  with  petroleum 
ether. 

Extracts  less  than  with 

t 
1 

benzine. 

Becomes  deep  browu,  with  a 
green  fluorescence;  residue 
brown. 

Vesuviu. 

Clear  brown. 

Is    coloured  yello'w 
residue  brown. 

Is  coloured  orange; 
residue  brown. 

Is  coloured  yellow;  residue  less,  but  as  with 
benzine.  ] 

Is  coloured  deep  brown;  resi- 
due brown. 

Coralline. 

Splendid  purple  colour. 

Only  impurities. 

Only  impurities. 

Is  coloured  pale  yellow; 
residue  red-brown,  is 
coloured  purple  by 
NH3. 

Extracts  less  than  out 
of  an  acid  fluid. 

Is  coloured  raspberry-red;  re- 
sidue as  from  ether. 

TABLE  III. 


Concentrated  Sulphuric  Acid. 

Officinal  Nitric  Acid. 

Solution  of  Ammonia. 

Dissolved  In  Sulphui'ic  Acid  Fluid. 

Tannic  Acid. 

In  Hydrochloric  Acid  Solution. 

Iodine. 

Iodide  of  Potash  and  Bismuth. 

Iodide  or  Mercury  and  Potash. 

Platin  Chloride. 

Gold  Chloride. 

i/iioUA  >  Co    >  C^UU  Tr  m 

Til  QCril                (Ti'ooT*       4"  n  ATI 
J-'loofJJ.  V  CO        ^IctJJLlj  l;J-lCXi 

brown,  on  evaporation 
again  red. 

Di^'^olvp'?    rpd-violpt  is 
quickly  discoloured. 

Greenish  coloration. 

No  precipitate,  or  but  a 
slight  one. 

Violet-red  precipitate. 

> 

I  No  turbidity. 

No  precipitate. 

Greenish  precipitate. 

A  ni  iine  violet. 

to  brown. 

Til  QCril'XTA?!  l'\Tr\TT'n 
J-ZlooUi*  Co       ULUW  U. 

deep  green,  on  ei 
tion  red-brown. 

rapora- 

T)i  ciqaI  itac!     VI  nl  P"H      1  n  fiPv 

_L/100(Ji.  V  CO        V  ILflC  UCi 

almost  colourless. 

Greenish  coloration. 

Blackish  precijDitate. 

Blue  precipitate. 

Blue 

precipitate. 

1 

Black  precipitate. 

Anflfnp  new  TuJet. 

Dissolves  blood-red. 

Dissolves  deep  blu 

e. 

Dissolves  violet. 

Greenish  coloration. 

No  precipitate. 

No  precipitate.  ' 

No  turbidity. 

• 

1 

No  turbidity. 

Anilirm  blue  (in- 
adtMe). 

Is  coloured  blood-red  to 
brown. 

It  is  dissolved  blui 

e. 

Is    dissolved  without 
coloration. 

Greenish  coloration. 

No  precipitate. 

No  precipitate. 

! 

Is  colonred  blood-red  to 
brown. 

Dissolved  blue. 

Is    dissolved  without 
coloration. 

Brown  coloration. 

No  precipitate. 

No  precipitate. 

AnfliTie  yellow. 

Dissolves  yellow. 

Dissolves  yellowis 

h. 

Dissolves  orange. 

No  precipitate. 

No  precipifc 

ate. 

Slight  turbidity. 

Slight  turbidity. 

Hctic  acii 

Dissolves  brownish-red. 

Dissolves  yellow. 

Dissolves  yellow. 

No  precipitate. 

No  precipit 

ate. 

No  precipitate. 

No  turbidity. 

StypJnric  acid. 

Dissolves  almost  colourless. 

Dissolves  colourles 

s. 

Dissolves  yellow. 

No  precipitate. 

No  precipitate. 

No  precipitate. 

jc^iyaammic  add. 

Dissolves  with  separation 
of  a  violet  powder. 

Dissolves  greenish 

•yellow. 

Dissolves  red. 

No  precipitate. 

No  precipitate. 

No  precipitate. 

Anflme  orangfe. 

Dissolves  brownish. 

Dissolves  pale  yellow. 

Dissolves  reddish. 

No  precipitate. 

No  precipitate. 

Slight  turbidity. 

Slight  turbidity. 

Havaima  brown. 

Is  not  made  darker. 

Dissolves  brown. 

Dissolves  with  diflBculty 
brownish. 

No  precipitate,  but  a  red 
colour. 

Brown  colour  when  shaken 
with  ammoniacal  solution. 

Eed-brown  precipitate. 

Brown  precipitate. 

Brown  precipitate. 

Brown  precipitate. 

VesaTin, 

Diasolves  brown. 

Dissolves  blood-re 
red-brown. 

d,  later 

Dissolves  easily — colour, 
brown. 

No  precipitate,  but  a  red 
colour. 

Brown  colour  when  shaken 
with  ammoniacal  solution. 

Brown  precipitate. 

Brown  precipitate. 

Corallin*. 

Dissolves  yellow. 

Dissolves  yellow. 

Dissolves  purple. 

No  precipitate. 

No  precipitate. 

No  turbidity. 

Slight  turbidity. 

No  turbidity. 

No  turbidity. 
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solubility.    Leaving  for  the  present  the  special  tests,  the  number 
and  nature  of  the  constituents  which  require  to  be  determined 
for  the  i^urpose  of  the  food-analyst,  vaVy  according  to  the  par- 
ticular substance  under  examination,  e.  g. — 
In  all  substances,  the  percentage. 

In  such  fluids  as  milk,  the  alkaline  phosphates  and  tlie  chlorides. 
In  seeds,  such  as  wheat,  cocoa,  &c.,  the  total  ^/tos/^/ion'c  acid. 
In  beer-ash,  the  amount  of  common  salt. 

In  bread-ash,  the  presence  or  absence  of  alumina,  magnesia, 
and  proportion  of  silica  to  alumina. 

In  tea-ash,  the  alkalinity,  the  iron,  the  silica,  and  proportion 
of  soluble  to  insoluble  ash. 

In  cofFee-ash,  likewise  the  proportion  of  soluble  to  insoluble 
ash,  but  the  presence  or  absence  of  silica  becomes  also  of  im- 
portance. 

From  these  illustrations  (which  might  be  multiplied)  it  follows 
that,  for  the  purposes  of  the  food-analyst,  the  general  constitution 
of  the  ash  will  be  sufficiently  known  when  the  following  deter- 
minations have  been  made  : — 

(1.)  The  total  percentage  of  ash. 

(2.)  The  total  percentage  of  ash  soluble  in  water. 

(3.)  The  total  percentage  of  ash  soluble  in  acid. 

(4.)  The  alkalinity  of  the  ash. 

(5.)  The  percentage  of  chlorine. 

(6.)  The  percentage  of  phosphoric  acid. 

(1.)  The  Total  Percentage  of  Ash. — Of  the  various  methods  of 
estimating  an  ash,  the  simplest  and  most  pi-actical  appears  to  be 
— to  place  a  sufficient  quantity  of  the  substance  to  be  burnt  in  a 
capacious  platinum  dish,  and  to  consume  at  the  lowest  possible 
temperature  by  heating  with  a  ring  burner.*  The  quantity  to 
be  taken  is  regulated  by  the  amount  of  ash  in  the  substances. 
For  example,  flour,  containing  only  -7  per  cent,  of  ash,  would  give 
with  50  grraa.  -35  ash,  which  is  about  as  small  a  quantity  as  it 
is  possible  to  work  with  conveniently,  whilst  in  tlie  case  of 
coffee,  tea,  and  cocoa,  from  5  to  20  grms.  is  for  most  purposes 
ample. 

*  If  the  sulphuric  acid  in  the  ash  is  not  to  be  dctcrmincrl,  a  wide  glass 
tube  (such  as  the  chimney  of  a  common  paraffin  lamp)  adjusted  over  the 
dish,  by  its  powerful  up-draus^ht  greatly  ex[)edite8  the  operation  ;  but  if  the 
sulphuric  acid  is  to  be  determined,  the  impure  gaa  of  commerce  renders  the 
results  too  high.  It  is,  however,  of  course  open  to  the  analyst  to  make  the 
gas  jiass  through  a  proper  absorption-apparatus,  or  to  use  as  a  fuel,  alcohol. 
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(2.)  Tlte  Soluble  Ash. — The  asli  is  boiled  up  two  or  three  times 
with  water  in  the  same  platinum  dish  ;  filtered,  and  the  filtrate 
evaporated  to  dryness,  heated  to  dull  redness,  and  weighed. 

(3.)  The  Ash  Soluble  in  Acid. — The  portion  of  ash  insoluble  in 
"water  is  boiled  xvp  with  HCl,  and  filtered  from  the  sand;  the 
latter  is  washed,  dried,  and  weighed. 

(4.)  The  Alkalinity  of  the  Ash. — The  solution  in  water  from  (2) 
is  coloui'ed  with  cochineal,  and  titrated  with  d.  n.  acid  :  the  result 
may  be  usually  expressed  as  potash. 

(5.)  The  Percentage  of  Chlorine. — The  determination  of  chlorine 
in  the  ash  usually  gives  results  too  low,  especially  if  the  sub- 
stance burnt  is  one  like  bread,  of  difficult  combustion,  or  con- 
taining substances  which  decompose  chlorides  at  a  red  heat. 
Notwithstanding  this  defect,  in  a  series  of  ashes  burnt  under 
similar  circumstances,  the  amount  of  chlorine  found  gives  fair 
comparative  results.  Should  there  be  any  special  necessity  for 
an  accurate  determination  of  chlorine,  no  volatilisation  will  occur 
in  the  combustion  of  most  articles  of  food,  if  they  are  simply  well 
carbonised  and  not  burnt  to  a  complete  ash,  and  if  the  charcoal 
be  finely  powdered  and  extracted  with  plenty  of  boiling  water. 
The  chlorine  may  be  determined  gravimetrically  by  nitrate  of 
silver,  or  more  conveniently  by  a  standard  solution  of  nitrate  of 
silver,  using  as  an  indicator  neutral  chromate  of  potash.  Should 
alkaline  phosphates  be  present,  they  must  be  first  removed  by 
baryta  watei'. 

(6.)  The  Phosphoric  Acid. — The  usual  method  of  determining 
phosphoric  acid  is  to  dissolve  the  ash  in  hydrochloric  acid, 
evaporate  to  dryness,  remove  the  silica,  mix  the  acid  filtrate 
with  ammonia  in  excess,  redissolve  the  precipitated  earthy 
phosphates  by  acetic  acid,  filter  ofi"  and  estimate  the  insoluble 
phosphate  of  iron  (and  alumina,  if  present),  precipitate  the  lime 
with  oxalate  of  ammonia,  and  then  in  the  fluid  (free  from  lime 
and  iron)  precipitate  the  phosphoric  acid,  by  the  addition  of 
ammonia  and  magnesia  mixture. 

§  66.  General  Method  of  Determining  all  the  Constitue7its  of  an 
Ash. — The  best  method  of  determining  all  the  constituents  of  an 
ordinary  ash  is  perhaps  as  follows  : — A  sufficient  quantity  of 
the  ash  (from  5  to  10  gi-ms.)  is  placed  in  a  flask,  about  25  cc.  of 
water  added,  and  saturated  with  COo  ;  the  liquid  is  now 
evaporated  to  dryness,  heated  with  a  small  quantity  of  water  to 
dissolve  the  alkaline  salts — the  solution  is  filtered  through  a 
small  weighed  filter,  the  filtrate  evajiorated  to  dryness,  the 
saline  residue  treated  with  a  small  quantity  of  water,  and  the 
calcium  sulpliate  which  sejjarates  out  filtered  through  a  weighed 
filter,  and  estimated ;  the  filtrate  fi'om  this  is  put  in  a  tared  flask. 
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made  up  to  any  convenient  weight,  and  divided  into  five  portions 
by  lueight,  viz. —  ' 

(1.)  For  COg. — This  is  most  accurately  determined  by  the 
use  of  the  following  little 
apparatus  : — The  solution  is 
placed  in  a  flask  A,  and  suffi- 
cient acid  is  put  into  the  short 
test-tube  T,  to  more  than 
neutralise  the  carbonate.  A 
stout  glass  rod  is  passed 
through  the  doubly  perforated 
caoutchouc  cork,  and  supports 
the  little  tube  in  position. 
The  carbonate  solution  is  now 
boiled  until  steam  hisses  out 
of  the  tube  G  (which  it  is 
convenient  to  furnish  with  a  ^ig- 
Bunsen's  valve*).  G  is  then  placed  under  the  mouth  of  a 
graduated  measuring  tube  filled  with  mercury,  and  it  is  at 
once  seen  whether  all  the  air  is  expelled.  The  flame  is  with- 
drawn for  a  second,  and  the  glass  I'od,  which  moves  quite  air- 
tight, is  pulled  a  little  up,  so  as  to  allow  the  acid  tube  to  fall 
down  and  empty  its  contents  into  the  alkaline  fluid.  The  flame 
is  again  placed  under  the  flask,  and  the  COg  boiled  out  into  the 
measuring  apparatus,  and  measured  in  the  ordinary  way.  Those 
who  are  not  provided  with  gas  apparatus  will  find  it  convenient 
to  jacket  their  eudiometer  with  a  tube  open  at  both  ends.  The 
lower  end  is  closed  by  the  mercury  in  the  bath  ;  the  upper  is 
placed  under  a  water-tap,  and  a  syphon  is  adjusted  so  as  to 
prevent  overflow.  In  this  way  the  gas  is  rapidly  cooled,  and  the 
whole  determination,  from  first  to  last,  need  not  take  more  than 
a  quarter  of  an  hour.f  Instead  of  boiling  the  solution  in  this 
way,  those  who  possess  the  mercury  pump  described  and  figured 
at  page  70  (fig.  7),  will  find  it  more  convenient  to  make  the  fiask 
vacuous,  then  upset  the  acid,  and  collect  the  gases  expelled. 

*  Bunsen's  valve  is  made  as  follows  :  Take  a  piece  of  rather  tliick-walled 
india-rubber  tubing,  say,  three  inches  in  length  ;  work  it,  by  the  aid  of  a 
little  spirit,  on  to  any  wooden  rod  which  is  of  sufficient  size  to  stretch  it 
well  ;  then  with  a  sharp  chisel,  by  a  single  blow,  cut  a  longitudinal  slit  ;  if 
well  made,  it  allows  air  to  go  one  way  with  the  greatest  ease,  but  effec- 
tually prevents  a  return. 

t  Much  ingenuity  has  been  expended  on  the  estimation  of  carbon  dioxide, 
and  the  old  method  of  estimating  in  light  glass  apparatus,  by  the  loss  of 
weight,  is  quite  forsaken.  The  method  given  in  the  former  edition  of  thia 
work  was  to  absorb  the  CO2  in  a  clear  solutionof  ammoniacal  calcium  chloride, 
collect  the  precipitated  calcium  carbonate,  and  titrate  it  with  d.  n.  acid, 
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(2.)  For  the  sulphuric  acid,  determiued  by  chloride  of  barium. 
(3.)  For  the  phosphoric  acid,  determined  as  magnesi an  pyro- 
phosphate. 

(4.)  For  the  chlorine,  by  precipitation  as  silver  chloride. 

(5.)  For  the  alkalies,  by  boiling  in  a  platinum  dish  with  slight 
excess  of  baryta  water,  filtering,  getting  rid  of  the  excess  of 
baryta  by  ammonia  and  ammonium  carbonate,  evaporating  the 
tiltrate  to  dryness,  converting  the  alkalies  into  chlorides,  and 
determining  their  relative  proportion  from  their  total  weight 
and  their  content  in  chlorine.  This  completes  the  analysis  of 
the  soluble  portion  of  the  ash. 

The  insoluble  will  contain  lime,  magnesia,  ferric  oxide,  alumina 
if  present,  silica,  phosphoi-ic,  sulphuric,  and  carbonic  acids. 

The  main  portion  of  the  insoluble  ash  is  dissolved  in  nitric 
acid,  freed  from  silica  in  the  usual  way,  evaporated  again  to  dry- 
ness in  a  porcelain  basin,  dilute  nitric  acid  added  until  the  bases 
are  completely  dissolved,  and  strong  fuming  nitric  acid  added, 
until  the  sohition  begins  to  be  turbid  from  the  separation  of  calcic 
nitrate.  The  turbidity  is  now  destroyed  by  a  few  drops  of  dilute 
nitric  acid,  the  solution  warmed,  and  tinfoil  added  in  small  por- 
tions at  a  time,  in  weight  about  equal  to  the  amount  of  ash  taken. 
When  the  tin  is  fully  oxidised,  the  solution  is  evaporated  nearli/ 
to  dryness,  water  is  added,  and  the  solution  filtered ;  the  phos- 
phoric acid  is  retained  in  the  precipitate — the  bases  are  all  in 
the  filtrate.  The  precipitate  is  dissolved  in  strong  potash 
solution,  acidified  with  sulph\iric  acid,  and  freed  from  tin  by 
hydric  sulphide,  concentrated  to  a  small  bulk,  filtered  if  any 
further  sulphide  of  tin  sepai-ates,  and  the  phosphoric  acid  deter- 
mined by  magnesia  mixture  and  ammonia.* 

The  filtrate  from  the  tin  phosphate  must  be  freed  from  lead 
(if  the  tin  originally  contained  lead)  by  hydric  sulphide,  con- 
centrated, the  iron  and  alumina  separated  and  determined  by 
ammonia,  the  manganese  separated  as  binoxide  by  bromine- 
water,  the  lime  by  oxalate  of  ammonia  as  oxalate,  and  the  mag- 
nesia determined  in  the  usual  way  as  pyrophosphate. 

A  weighed  portion  of  the  insoluble  ash  must  also  be  taken 
for  the  carbon  dioxide,  sulphuric  acid,  and  sand.  The  carbon 
dioxide  is  determined  in  the  manner  already  described. 

using  as  an  indicator  cochineal.  Another  method  which  has  been  proposed, 
is  to  make  a  combustion  of  the  substance  with  potassic  bichromate,  and 
absorb  the  CO2  in  the  usual  way  in  potash  bulbs.  A  third,  is  to  let  the 
acid  droj)  from  a  separating  funnel  on  to  the  carbonates,  and  absorb  the  COj 
as  in  the  last,  an  aspirator  and  drying  tubes  being  used.  {Annnlen.  der 
chemie,  clxxvi.  136-144.)  All  of  these  methods,  in  the  author's  opinion,  are 
inferior  to  that  given  above  in  the  text. 

*  Thorpe's  "Quantitative  Analysis."    Loud. ,  1377. 
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The  process  just  given  is  not  quite  accurate  witli  regard  to  the 
estimation  of  the  alkalies  ;  for  Bunge  *  has  shown  that  since  tlie 
alkalies  form  insoluble  compounds  with  the  alkaline  earths,  a 
watery  extract  of  the  ash  gives  low  results.  For  example,  Bunge 
incinerated  300  cc.  of  cow's  milk  ;  from  a  watery  extract  of  the 
ash  he  obtained 

KjO  -5436,  Na^O  -0700  ; 
while  from  a  subsequent  nitric  acid  extract  of  the  same  ash, 
KgO  -0937,  mjO  0-1162. 

If  chlorides  of  the  alkalies  be  heated  with  tribasic  phosphate 
of  lime,  the  soda  is  specially  likely  to  combine  with  the  lime  in 
insoluble  combination — in  far  less  proportion  the  potash. 

Bunge  recommends  the  following  method  : — The  watery  ex- 
tract is  decomposed  with  baryta  water  until  a  film  forms  on  the 
surface  of  the  solution,  the  mixture  is  warmed  and  filtered  hot. 
The  excess  of  baryta  is  got  rid  of  by  COg,  subsequent  warming, 
and  filtration  ;  the  filtrate  is  evaporated  in  a  platinum  dish,  the 
residue  gently  ignited,  dissolved  in  a  little  water,  filtered  thi-ougli 
a  small  filter,  and  evaporated  with  HCl  in  a  small  platinum 
dish.  The  chlorides  are  then  ignited,  weighed,  and  separated 
by  platin  chloride. 

The  hydrochloric  or  nitric  solution  of  the  insoluble  portion  of 
the  ash  is  evaporated  to  dryness  in  a  platinum  dish,  the  residue 
again  dissolved  in  a  little  of  the  acid  and  water,  treated  like  the 
former  with  baryta  water,  and  filtered  hot.  Ammonia  and  car- 
bonate of  ammonia  are  now  added,  the  liquid  filtered,  and  the 
filtrate  evaporated  in  a  platinum  dish,  and  ignited  at  the  lowest 
possible  temperature.  The  residue  still  containing  a  trace  of 
fUkaline  earth,  is  extracted  with  water,  evaporated  with  oxalic 
acid,  ignited  again,  taken  up  with  water,  filtered,  evaporated  in 
a  small  platinum  dish,  ignited  again,  dissolved  in  a  little  water, 
and  lastly,  evaporated  with  HCl,  and  the  alkaline  salts  separated 
by  bichloride  of  platinum. 

Since  a  determination  of  the  ash  only  gives  those  mineral  sub- 
stances which  are  fixed  in  the  fire,  and  destroys  nitrates,  and 
changes  oxalates,  citrates,  and  tartrates  into  carbonates,  while 
other  constituents,  under  the  infiuence  of  heat,  undergo  a  new 
arrangement,  it  becomes  a  question  whether  the  ingenious  method 
recommended  by  E.  Laugiert  in  the  analysis  of  sugar,  would  not 
be  applicable  in  several  cases. 

*  Liebig's  Anvnfrn  der  Chimic  u.  Phnrmacie. 
t  Compt.  rend.,  Ixxxvii.  1088-1090. 
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M.  Laugier  takes  two  portions  of  sugar,  one  for  the  ash,  the 
other  for  the  organic  acids,  the  latter  being  exactly  double  the 
quantity  of  the  former.  To  the  larger  quantity  of  the  sample, 
dilute  sulphuric  aoid  is  added  drop  by  drop  to  set  free  the  or- 
ganic acids  ;  the  acidified  sugar  is  mixed  with  pumice  stone  and 
exhausted  with  ether ;  half  of  the  ethereal  solution  is  added  to 
the  ash  obtained  from  the  smaller  portion,  and  evaporated  down 
upon  it  and  weighed.  By  this  means  M.  Laugier  thinks  that  he 
reconstructs  the  original  salts  in  the  sugar.  This,  however, 
cannot  be  entirely  true.  The  other  half  of  the  ether  solutloo.  is 
titrated  with  an  alkali. 


PART  lll.-CARBO-HYDRATES. 


STARCHY  AND  SACCHARINE  SUBSTANCES. 

SUGAR. 

§  67.  Sugars  may  be  divided  into  two  classes  : — (1.)  Those 
capable  of  being  broken  up  by  the  process  of  fermentation,  such 
as  the  sugars  known  as  the  glucoses  and  saccharoses  ;  and,  (2.) 
the  unfei'm  en  table  sugars,  to  which  class  belong  many  sweet 
principles  found  in  plants,  such  as  eucalyn,  sorbite,  quercitose, 
inosite,  mannite,  dulcite,  &c.  The  important  sugai's  to  the  food- 
analyst  are,  cane  sugar  or  saccharose,  glucose  or  dextrose, 
levulose,  milk  sugar,*  and  maltose.t 

Cane  Sugar,  O^^^i^^-^,  occurs  in  a  very  large  number  of 
plants,  but  is  only  manufactured  from  beet-root,  the  sugar-cane, 
sorghum,  and  the  sugai'-maple.  Its  specific  rotatory  power  is 
+  73'8.  It  crystallises  from  its  solutions  in  water  or  dilute 
alcohol  in  anhydrous  crystals,  the  specific  gravity  of  which  is 
1  'GOG.  It  is  soluble  in  one-third  of  its  weight  of  cold  water,  and 
is  very  soluble  in  hot ;  in  absolute  alcohol  it  is  insoluble,  the 
solubility  rising  in  proportion  to  the  weakness  of  the  alcohol. 
Thus,  according  to  Scheibler,  the  numbers  in  Table  IV.  are  the 
percentages  of  sugar  dissolved,  and  the  specific  gi-avity  of  the 
solution  at  the  common  temperature  of  14°. 

When  solutions  of  sugar  are  boiled  with  dilute  mineral  acids, 
the  sugar  is  split  up  into  two  glucoses  :  the  one  rotating  to  the 
right,  hence  named  dextrose,  the  other  rotating  the  plane  of 
polarised  light,  to  the  left — levulose.  J  Long  boiling  with  water 
has,  to  a  slight  degree,  the  same  effect,  and  it  is  also  shown  in  the' 
action  of  ferments,  when  exposed  to  light.  An  uncorked  solution 
of  sugar  (or  one  imperfectly  sealed)  will  in  a  few  days,  according 
to  the  temperature,  show  some  degree  of  inversion.  Bub  a  boiled 
solution  of  sugar,  which,  while  actually  boiling,  has  been  her- 

*  Milk-sugar  is  fully  described  in  the  article  on  "  Milk." 

t  "  Maltose"  is  described  in  the  article  on  Malt  Liquors. 

t  To  this  mixture  of  dextrose  and  levulose,  the  term  "  invert  sugar"  is 
applied,  because  the  polarisation  is  the  opiiositc  of  that  of  cane  sugar  ;  for 
although  glucose  rotates  to  the  ritfht  and  levulose  to  the  left,  yet  the  latter 
is  80  much  stronger  that  the  solution  polarises  to  the  left. 
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TABLE  IV.— SOLUBILITY  OF  SUGAR  IN  ALCOHOL  OF 
DIFFERENT  STRENGTHS. 


Per  cent,  alcohol. 

100  CO.  of  the  solution 
contain 

Speciflc  gravity  of  the 
Batnrated  solution. 

0 

85"8 

1  3248 

5 

82"4 

10 

70-4 

1*2991 

15 

76"5 

20 

73-4 

.    1  "236 

25 

30 

66  0 

1  -2293 

35 

61*6 

40 

56  7 

1-1823 

45 

51  "6 

50 

45-7 

.  1"1294 

55 

39"6 

60 

329 

1  050 

65  . 

25-6 

70  . 

17-8 

.  0-9721 

75  . 

11-2 

80  . 

6-4 

'.       '.  0-8931 

85  . 

2-7 

90  . 

0-7  . 

'.  0-8369 

95  . 

0-2 

97-4 

0-08  . 

100  . 

OOO 

metically  sealed,  will  keep  unchanged  for  years.  Acetic  acids, 
and  the  vegetable  acids  generally,  have  little  or  no  effect  in  the 
"  inverting  "  of  sugar. 

Carbon  dioxide,  especially  under  pressure,  inverts  sugar.* 
Pure  cane  sugar,  if  free  from  glucose,  undergoes  no  change  of 
colour  when  boiled  with  the  alkalies  ;  if,  however,  glucose  be 
present,  there  is  a  very  decided  change. 

Sugar  forms  a  few  well  established  compounds  Avith  bases,  and 
many  with  salts.  The  most  definite  of  the  sugar  compounds 
combined  with  bases  are  those  which  it  forms  with  baryta  and 
lime.  If  a  solution  of  sugar  be  boiled  down  with  suljihide  of 
barium  or  baryta,  a  sandy  precipitate  forms,  having  the  composi- 
tion CigHgjOuBaO  ;  and  on  decomposition  of  this  Avith  COg, 
pure  sugar  is  obtained.  A  commercial  process  based  upon  this 
reaction  is  in  use  in  order  to  recover  the  sugar  fi-ora  molasses, 
and  it  may  be  employed  in  certain  cases  in  the  laboratory  with 
advantage. 

There  is  a  monobasic  lime  sucrate  (CjoHooOj^CaO)  corre- 
sponding to  the  barium  compound,  and  a  tribasic  sucrate  of  lime 
(OjgHggOjjSCaO).  Crystalline  compounds  are  also  easily  obtained 
with  certain  sodium  salts  ;  thus,  there  is  a  chloride  of  sodium 

*  V.  Lippmann,  Ding.  Poly.  J.,  ccxxxvij.  146-163 
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compound  Cj2H220jiNaC1.2H20 ;  and  another  having  the  formula, 
2Ci2Ho202j3NaC1.4H20.  An  iodide  of  sodium  compound  may 
be  obtained  in  large  crystals  having  the  following  composition : 
2Ci2H220ii3NaI.H20.  ^ 

Sugar  heated  to  160°  melts  to  a  colourless  liquid  ;  on  cooling 
the  melted  mass  is  at  first  clear  and  transparent,  but  in  a  little 
time  it  becomes  crystalline  and  opaque.  At  about  170°  to  180° 
it  loses  watei",  and  is  said  to  be  transformed  into  dextrose  and 
levulosan  ;  as  the  heat  is  inci-eased,  water  is  continually  being 
lost,  and  more  or  less  brown  products  are  formed  (see  "Caramel," 
p.  93).  If  sugar  is  fused  with  zinc  chloride,  a  liquid  is  obtained 
which  yields,  on  distillation,  aldehyde,  acetone,  metacetone, 
formic  acid,  acetic  acid,  furfurol,  and  apparently  mesityl  oxide  ; 
carbon  dioxide,  carbon  oxide,  and  hydrocarbons  are  also  formed ; 
and  there  is  also  a  sublimation  of  crystals,  hexmethylbenzene, 
Cg(CH3)g.  {Lippmann.) 

Bromine,  according  to  E.  Reichardt,  transforms  one-third  of 
cane  sugar  into  gluconic  acid,  one-third  into  glucose,  and  the 
remainder  into  gum. 

§  68.  Adulterations  of  Sugar. — Loaf  sugar  is,  as  a  rule,  chemi- 
cally pure.  It  is  probably,  indeed,  the  purest  food-substance  in 
commerce,  and  a  large  quantity  may  be  burnt  up  without 
obtaining  a  trace  of  nitrogen,  and  without  leaving  any  residue. 
The  only  sugars  that  may  be  impure  are  the  "  raw  "  sugars. 

The  adulterations  of  sugar  usually  enumerated  are  :  Glucose 
or  starch  sugar,  sugar  of  milk,  dextrine,  chalk,  plaster,  sand,  and 
various  species  of  flour.  No  conviction,  that  the  author  is  aware 
of,  under  the  Sale  of  Food  and  Drugs  Act,  has  been  hitherto 
obtained  in  England  for  selling  sugar  which  had  been  adulterated  ; 
and  the  impurities  given  above  are  not  according  to  the  author's 
experience,  but  rather  the  stereotyped  list  enumerated  by  various 
authors  in  different  countries,  representing  more  what  is  possible, 
than  what  actually  exists. 

To  detect  glucose  (dextrose)  in  the  presence  of  other  sugars, 
B.  Bottger*  mixes  the  solution  with  an  equal  quantity  of  car- 
bonate of  soda  solution  [1  of  the  salt  to  3  of  water],  and  then 
adds  a  little  basic  bismuth  nitrate,  boils,  noticing  whether  there 
is  any  blackening,  which  is  taken  as  an  indication  of  dextrose. 

E.  Brucket  has  modified  this  method,  so  as  to  eliminate  any 
blackening  (which  might  occur  from  the  sulphur  in  albuminous 
matters),  by  using  potassium  bismuth  nitrate,  wliich  precipitates 
albumen.    The  re-agent  is  made  by  dissolving  basic  bismuth 


*  Joiir.  fi'ir.  Prakt.  Cliem,  Ixx.  432. 
t  Wkn  Akad.  Ber.,  1875,  52. 
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nitrate  in  a  hot  solution  of  potassic  iodide  with  the  addition  of 
hydi'ochloric  acid.  The  albumen  precipitated  by  the  re-agent  is 
of  course  filtered  off,  and  the  filtrate  is  boiled. 

The  simplest  and  best  method,  however,  of  detecting  starch 
sugar  when  mixed  mechanically  with  cane  svigar,  is  undoubtedly 
that  recommended  by  P.  Casamajor.*  The  suspected  sugar  is 
thoroughly  dried,  and  is  then^treated  with  methyl-alcohol  which 
has  been  saturated  with  starch  sugar.  100  cc.  of  methylic  alcohol 
of  50°  strength  dissolves  about  57  grms.  of  starch  sugar,  the  100 
cc.  becoming  in  volume  133  cc.  Such  a  saturated  solution 
dissolves  cane  sugar  readily  enough,  but  leaves  starch  sugar 
undissolved.  After  stirring  the  sugar  in  the  methylic  alcohol 
for  about  two  minutes,  the  residue  is  allowed  to  settle,  and  the 
clear  solution  decanted.  The  residue  is  now  washed  with  the 
same  solution,  and  after  stirring  and  allowing  the  residue  to 
settle  again,  if  starch  sugar  ■rt^ere  present  there  will  remain  a 
certain  quantity  of  chalky  white  specks,  accompanied  by  a  fine 
deposit  of  starch  sugar.  By  collecting  this  on  a  filter,  and 
washing  rapidly  with  nearly  absolute  methyl,  approximate 
quantitative  results  may  be  obtained. 

The  best  method  of  detecting  dextrine  when  mixed  with 
sugar,  has  been  specially  studied  by  Scheibler.t  He  took  a 
sugar  which  gave  the  following  numbers  to  analysis  : — 

Per  cent 

Water,  3-35 

Ash,  1'73 

Organic  matter  2 '32 

Sugar,  92 -CO 

and  mixed  this  sugar  with  various  propoi'tions  of  dextrine — from 
1  to  3  per  cent. — and  examined  the  behaviour  of  the  sugar,  both 
optically  and  chemically.  The  polarisation  indicated  the  follow- 
ing amounts  of  cane  sugar : — 

0  9      0-5      rO      2-0      3-0  per  cent,  dextrine. 
92-6     93-4     94  0     95-6     96  3       ,,  sugar. 

Thus,  a  sugar  adulterated  with  3  per  cent.,  if  examined  optically, 
would  indicate  96-3  per  cent,  of  cane  sugar  instead  of  92-6.  On 
inverting  the  sugar,  there  were  great  discrepancies,  quite  enough 
to  make  even  an  inexperienced  observer  suspect  something 
wrong.   Thus  with  the  same  amounts  of  dextrine,  the  pure  sugar 

*  Chemical  New.t,  ISSO. 

+  "  The  Sugar  Cane."    1871,  p.  469. 
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showing,  before  inversion,  92-6  per  cent,  of  sugar,  and  after 
inversion,  92"5  : — 

0-5        1-9  2-9        3-0  per  cent,  dextrine. 

Direct,              93-4      94  2  95  6       96  3       „  sugar. 

After  inversion,  80-4      78-0  73-1       67  0       „  ,, 

It  was  no  use  to  experiment  beyond  3  per  cent.,  because  it 
was  then  impossible  to  clarify  the  solution  by  lead  acetate 
sufficiently  for  the  purposes  of  optical  analysis.  Scheibler 
summarised  his  results  as  follows  :  Dextrine  may  be  detected  by 
its  tlius  raising  the  degree  of  rotation,  by  the  great  diiTerence  of 
the  results  before  and  after  inversion,  by  the  blue  colour  it  gives 
with  iodine  (although  there  are  dextrines  which,  when  added 
to  sugar,  may  sliow  this  test  imperfectly),  by  the  impossibility 
of  clarifying  the  liquid  should  any  amount  be  present,  by  lead 
acetate,  and  lastly,  by  partial  separation  of  the  dextrine  by 
animal  charcoal. 

Insoluble  mineral  matters,  such,  as  sand,  present  in  low-class 
siTgars  as  an  imptirity,  may  be  readily  detected  by  simple 
solution  of  the  sugar  and  filtration.  Gummy  matters  may 
also  be  separated  by  precipitation  by  alcohol  in  the  way  to  be 
described  in  the  article  on  "Tea;"  mineral  matters,  generally, 
may  be  detected  in  the  ash.  Beet  sugars,  and  to  a  less  degree  cane 
sugars,  will  contain  a  large  amount  of  potassic  and  sodic  carbon- 
ates, arising  from  the  decomposition  of  the  citrates,  malates, 
oxalates,  &c.  Beet  sugars  may  also  contain  nitrates.  Cane 
sugar  leaves  an  ash  containing  but  little  soda,  with  mucli  more 
lime,  magnesia,  iron,  and  alumina.  Thus,  tlie  following  is  the 
ash  of  raw  cane  and  beet  sugars,  obtained  in  the  following 
manner  :  All  the  mineral  matters  in  the  sulphuric  acid  residue 
of  a  large  sugar  factory  were  kept  for  a  whole  year,  and  analysed 
at  the  end  of  the  year.  Of  course  the  carbonates,  nitrates,  and 
chlorides  have  all  been  decomposed,  and  the  analysis  is  true 
only  with  regard  to  the  bases. 

Cane  S\iftar  Ash.  Boot  Sugar  Ash. 


Per  cent.  Per  cent. 

Potash,  .....  28-79,  34-19 

Soda,   -87  11-12 

Lime,   8  83  3-60 

Magnesia,       ....  2-73  *16 

Oxides  of  iron  and  aluminium,  6  90  '28 

Sulphuric  acid  [anhyd.],  .       .  43-65  48-85* 


Dividing  each  factor  of  the  ash  of  the  beet  sugar  by  that  of  the 
cane,  we  get  the  following  proportions  for  the  bases : — 

*  J.  Wallace,  Chem.  News,  xxxvij.  75. 
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Cane.  Beet. 


Potash  1  1-19 

Soda,   1  12-78 

Lime,   .1  "41 

Magnesia,  1  '06 

Oxides  of  iron  and  aluminium,     .       .       1  "04 


In  other  words,  the  potash  is  almost  equal  in  the  two  ashes,  but 
there  is  nearly  thirteen  times  more  soda  in  beet  ash  than  in  cane 
sugar  ash ;  lime,  magnesia,  and  oxides  of  iron  and  aluminium, 
are  in  very  small  quantities  in  beet  sugar  ash. 

An  analysis  of  the  ash  of  a  Demerara  cane  sugar  growing  near 
the  sea-coast,  by  Dr.  Wallace,  is  as  follows  : — 

Per  cent 


Potash,   29-10 

Soda,   1-94 

Lime,   15-10 

Magnesia,   .......  3'76 

Sulphuric  anhydride,   23-75 

Phosphoric  acid,         .       .       .       .       .  5-59 

Chlorine,     .......  4-15 

Carbon  dioxide,  ......  4 '06 

Iron  peroxide,   '55 

Alumina,    .....       ^       .  "65 

Silica,   12-38 


101-03 

Deduct  oxygen  =  chlorine,        ...  '93 


10010 

If  sugar  be  ever  adulterated  by  any  of  the  starches,  so  clumsy 
a  fraud  is  readily  detected  by  a  microscopical  examination,  and 
the  use  of  iodine  to  the  residue  obtained  by  dissolving  the  sugar 
in  cold  water,  and  then  filtering. 

§  69.  Full  Analysis  of  Sugar. — The  full  analysis  of  a  raw 
sugar  consists  in  : — 

1.  Determination  of  the  water  driven  off  at  a  heat  not  exceed- 
ing 55°  to  60°. 

2.  An  optical  estimation  before  and  after  inversion. 

3.  Titration  with  copper  oxide  before  and  after  inversion. 

4.  Estimation  of  the  organic  acids  by  treating  with  sulphuric 
acid,  and  shaking  up  this  acid  extract  in  the  tube  figured  at  page 
69  with  ether,  until  it  has  dissolved  out  all  the  organic  acids. 

5.  Titration  of  the  organic  acids  with  d.  n.  soda  or  potash. 

6.  Estimation  of  any  insoluble  matter,  whether  organic  or 
inorganic. 

7.  Estimation  of  the  ash  and  its  constituents. 
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It  may  also  be  necessary  to  estimate  the  matters  precipitated 
by  basic  lead  acetate ;  it  would  be,  however,  quite  sufficient 
for  commercial,  and,  indeed,  for  most  purposes,  to  merely 
estimate  the  percentage  of  cane  sugar,  fruit  sugar  (if  present), 
water,  and  organic  matter,  or  water  and  ash,  as  in  the  following 
analyses : — 


TABLE  v.— COMPOSITION  OF  RAW  BEET-ROOT  SUGARS 
OF  GOOD  QUALITY, 


OrgtLnic 

"Water, 
f  6r  cent. 

Sugars. 
Per  cent. 

Matter. 
Per  cent. 

L 

Clear  light  mixed  product,  . 

85-0 

1-6 

2-0 

2. 

Light  mixed  product,  .... 

93  0 

2-0 

2-3 

3. 

Half  white,  1st  product, 

94-3 

2-3 

2-5 

4. 

Light  mixed  product,  .... 

93-5 

2-4 

3-3 

5. 

Half  wliite,  1st  product, 

94-4 

31 

2-2 

6. 

96'1 

2-3 

3-4 

7. 

Clear  white,  1st  product,     .       .  . 

92  0 

3-7 

2-8 

8. 

Light  mixed,  1st  product, 

93-5 

30 

2-8 

9. 

Clear  light  mixed,  1st  product, 

92  0 

2-3 

2-6 

10. 

Clear  light,  1st  product, 

93  1 

3-3 

3  0 

11. 

Clear  light,  1st  product, 

94  0 

3-0 

2-9 

12. 

Clear  yellow  mixed  product, 

92  0 

3  0 

2-3 

13. 

Yellow  mixed  product, 

92  0 

2-4 

3-5 

Id 

Clear  yellow  mixed  product,        .  , 

O  Z 

O  1 

15. 

Clear  yellow,  1st  product,  , 

93-7 

2-6 

2-8 

16. 

Yellowish  mixed  product, 

91-8 

2-9 

3-6 

17. 

Yellow  mixed  product. 

93- 0 

3-5 

2-7 

18. 

))       1)  >>•••• 

93  4 

2-9 

2-3 

19. 

1)  >) 

930 

2-3 

2-9 

20. 

Yellowish  ,, 

93  0 

3-7 

31 

21. 

Yellow  mixed  product, 

93  0 

3-3 

2-7 

22. 

Light  mixed  product,  .... 

91-6 

3  0 

3  0 

23. 

Yellow  „ 

90-7 

4-6 

4-3 

24. 

H           JJ                      ,,  .... 

93-8 

21 

2-8 

2.5. 

"           M                      ,,  .... 

92 -.5 

2-4 

3-5 

26. 

Yellowish  mixed  product,  . 

90  0 

4-3 

3-7 

27. 

Yellowish  brown,  2nd  product,  . 

91-3 

51 

2-5 

28. 

Yellow,  1st  product,  .... 
Yellow  mixed,  Ist  product,  . 

92-4 

3-5 

2-6 

29. 

89-5 

40 

3-7 

30. 

Light  yellow,  1st  product,  . 
Yellow  mixed  product. 

92  0 

2-8 

3-4 

31. 

89-6 

4-3 

3-8 

32. 

Brownish,  2nd  product, 

89  0 

C-3 

3  0 

33. 

Second  product,  ..... 

87  0 

6-2 

41 
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Cane  Sugar. 
Per  cent. 

Uncrystallised 
Sugar. 
Per  cent. 

Water. 
Per  cent. 

Ash. 
Per  cent 

1 

1 . 

4;  (JO 

4  OO 

1  .oo 

o 

1  .nn 

0  50 

.OK 

OD 

o 
O. 

1  95 

.AO 

4  Oo 

.AA 

yy 

4, 

yi  /u 

O  .OA 
O  t)0 

z  15 

.oo 

88 

5. 

87 '00 

5-00 

4  72 

1-24 

6. 

9510 

1-40 

1-56 

•86 

7. 

94-30 

1-70 

2-21 

1-16 

8. 

92-50 

1-92 

2-70 

1-18 

The  difference  between  the  totals  and  100  would  be  returned 
as  "  unestimated  matters  and  loss." 

The  methods  of  estimating  the  different  kinds  of  sugar  are 
fully  considered  in  the  next  section,  and  it  only  remains  to 
detail  the  best  methods  of  taking  the  ash  of  a  sugar. 

There  are  two  methods  of  taking  the  ash  of  sugar. 

The  one  is  simjjly  to  burn  the  ash  in  the  ordinary  way  in  a 
platinum  dish  heated  to  redness  in  a  current  of  air.  In  the  case 
of  all  substances  like  sugar  or  stai'ch,  this  method  is  very 
tedious,  and  without  doubt  there  is  some  loss  by  volatilisation. 
Landolt*  determined  the  amount  of  this  volatilisation  by  a  series 
of  careful  experiments,  and  gives  the  following  Table  (VII.), 
which  may  be  used  as  a  guide  to  the  correction  of  the  final  weight 
of  the  ash. 

A  method  recommended  and  practised  by  Scheibler  was  to 
moisten  the  ash  with  sulphuric  acid,  whereby  the  combustion 
is  much  hastened,  and  the  bases,  being  obtained  as  sulphates, 
approximate  more  nearly  in  weight  to  that  of  the  organic  salts 
naturally  in  the  sugar,  which  in  the  other  method  are  obtained 
as  carbonates.  It  has  also  been  proposed  to  precipitate  the 
sugar  with  acetate  of  lead,  and  thus  obtain  the  lead  salts  of 
the  organic  acids.  The  lead  compounds  are  decomposed  in  the 
usual  way,  and  the  acids  set  free  titrated  by  potash.    The  potash 

*  Landolfc,  H.,  Journ.  Fiir  Praktische  C/tem.,  ciii.  Also,  "Sugar  Cane," 
1873. 
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combination  approximates  somewhat  more  closely  to  the  actual 
salts  of  the  sugar. 

TABLE  VII. 


Loss  by  Heating  after 

Besidae. 

Half  an  Hour 

One  Hour. 

One  and  a  Half 
Hours 

Two  Hours. 

•01  grm. 

■002  grm. 

■004  grm. 

•006  grm. 

■008  grm. 

■02  „ 

■002  ,, 

•004  „ 

•007  „ 

■008  „ 

■03  „ 

■04  „ 

■003  „ 

•006  „ 

■009 

•012  „ 

■05  „ 

■004  „ 

•007  „ 

■Oil  „ 

•015  „ 

•06  „ 

•004  „ 

•008  „ 

•013  „ 

•017  „ 

•07 

•005  „ 

•010  „ 

•015  „ 

•019  „ 

•08 

•005  „ 

•010  „ 

•016  „ 

•020  „ 

But  the  best  of  those  methods  which  attempt  to  reconstruct 
from  the  ash  the  original  salts,  is  probably  that  of  Laugier, 
already  described  at  p.  102.  Laugier  extracts  the  organic  acids 
by  ether,  and  then  adds  them  to  the  ash,  and  evaporates 
them  down  with  it.  As  to  raw  beet  sugar  ash,  the  experiments 
of  Landolt  appear  to  show  that  simply  multiplying  the  potassic 
cai'bonate  found  by  2,  gives  the  amount  of  organic  salt  from 
which  it  was  derived.  *  His  experiment  was  as  follows  : — Two 
pounds  of  syrup  were  fully  precipitated  by  lead  acetate,  then 
decomposed  by  SHg,  and  exactly  neutralised  by  potash.  The 
solution  was  next  partly  evaporated,  passed  through  animal 
charcoal,  and  dried.  It  gave  the  reactions  of  chlorine,  and  of 
oxalic,  malic,  and  tartaric  acids,  with  a  ti'ace  of  sulphuric  acid. 
Three  separate  portions  were  now  carbonised,  and  the  proportion 
for  every  one  part  of  organic  salt  of  carbonate  of  potash  was — 
in  experiment  1,  2^04;  in  experiment  2,  2-05  ;  in  experiment 
3,  1-98  :  the  mean  of  the  three  being  2^08. 

§  70.  Glucose,  Dextrose,  Dextro-glucose,  Grape  Sugar,  C^^^O^.^O 
— The  rotatory  power  of  glucose  is  50°.  It  is  soluble  in  100 
parts  of  cold  water,  and  very  soluble  in  boiling  water  ;  it  is 

*  Or  if  Scheibler's  process  be  followed,  the  alkaliue  sulphates  may  be 
multiplied  by  1  '54. 
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soluble  in  glycerine,  in  about  two  parts  of  rectified  spirit,  and 
two  of  amylic  alcohol ;  but  it  is  insoluble  in  ether  and  in  chloro- 
form. Dextrose  is  widely  spread  in  the  vegetable  kingdom,  but  is 
never  found  unaccompanied  by  levulose.  Dextrose  is  artificially 
obtained  by  heating  carbo-hydrates,  such  as  starch  or  cane 
sugar,  with  acids  ;  in  such  cases,  it  is  accompanied  by  dextrine, 
from  which  it  is  difficult  to  pui'ify  it.  According  to  Hoppe-Seyler, 
indeed,  it  cannot  be  obtained  pure,  save  from  diabetic  urine, 
and  the  specific  rotation  usually  given  is  erroneous.  He  has 
se])arated  pure  grape  sugar,  dextrine  free,  from  diabetic  urine, 
and  gives  its  polarisation  as  53°'5.  This,  however,  agrees  very 
nearly  with  that  given  by  Tollens,  who  ascribes  to  anhydrous 
dextro-glucose  a  specific  rotation  of  53°-l,  and  to  the  dextrose 
with  its  water  of  crystallisation  a  specific  polarisation  of  48°*27. 

The  best  way  to  obtain  dexti'ose  from  cane  sugar  in  a  pure 
state  is,  according  to  Soxhlet,  the  following  : — 3  litres  of  90  per. 
cent,  alcohol  and  120  cc.  of  concentrated  hydrochloric  acid  are 
made  to  act  at  45°  C.  for  two  hours  on  1  kilo,  of  cane  sugar. 
After  ten  days,  crystals  of  dextrose  form,  when  the  liquid  may 
be  concentrated  by  distillation,  and  the  crystals  which  have 
formed  removed.  In  a  few  days,  the  whole  of  the  dextrose  will 
have  been  deposited  as  a  white  powdei'.  The  crystals  are  washed 
with  90  per.  cent,  alcohol  and  with  absolute  alcohol,  and  crystal- 
lised out  of  the  purest  methyl-alcohol.  Crystallised  grape  sugar 
is  in  the  form  of  little  masses  of  six-sided  tables,  which  melt  at 
86°,  and  lose  at  100°  their  water  of  crystallisation. 

§  71.  Levulose  (or  Levugliicose)  is  isomeric  with  dextrose, 
but  distinguished  from  it  by  its  action  on  a  ray  of  polarised 
light — turning  to  the  left,  instead  of  to  the  right:  —  106°  at  14°, 
-  53°  at  90°.  It  is  obtained  in  company  with  dextrose  when 
sugar  is  "inverted"  by  the  action  of  a  dilute  acid.  To  isolate 
levulose  the  acid  must  be  got  rid  of;  for  example,  if  hydro- 
'chloric  acid  has  been  used,  it  is  pi-ecipitated  by  silver  solution  ; 
if  sulphuric,  by  baryta  water,  &c.  The  solution  of  invert  sugar 
must  be  about  10  per.  cent,  strength.  To  every  100  cc.  6  grnis. 
of  freshly  burnt  lime  must  be  added,  and  the  whole  shaken. 
By  artificially  cooling  the  solution  with  ice,  a  crystalline  magma 
is  obtained,  and  by  filtration  the  more  soluble  dextrose  lime- 
compound  can  be  obtained  from  the  less  soluble  levulose  lime- 
compound.  The  sugar  thus  obtained  can  be  freed  from  lime 
by  carbon  dioxide. 

Levulose  is  uncrystallisable,  but  in  1ms  not  been  found 
possible  to  separate  it  entirely  from  the  crystalline  glucose,  by 
crystallising  the  latter  out  of  it.  It  presents  when  pure  simply 
the  characters  of  a  colourless  syrup. 
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ESTIMATION  OF  SUGAE. 

§  72.  Sugar  is  estimated  by  chemical  processes,  by  the  specific 
gravity  of  the  solution,  by  the  estimation  of  the  CO,  evolved  in 
alcoliolic  fermentation,  and  by  certain  physical  processes. 

It  is  only  possible  to  estimate  percentages  of  sugar  (especially 
cane  sugar)  from  the  specific  gravity  of  the  solution  when  the 
fairly  pure  sugar  is  dissolved  in  pure  water,  so.  that  this  method 
is  of  but  limited  utility,  and  seldom  employed  by  the  analyst. 
The  fermentation  process  is  too  tedious,  and  inconvenient  ever  to 
come  into  general  practice,,  and  will  therefore  not  be  described. 

(1.)  Chemical  Processes  depending  upon  the  Pi'ecipitation  of  the 
Suboxide  of  Copper  from  a  Copper  Solution  by  Grape  Sugar. 

The  most  general  of  the  numerous  processes  under  this  head 
is  that  of  Fehling,  which  requires  a  solution  of  cupric  sulphate 
and  Rochelle  salt,  alkalised  by  soda.  34'64  grms.  of  pure  crystal- 
lised cupric  sulphate,  previously  powdered  and  pressed  between 
blotting-paper,  are  dissolved  in  200  cc.  of  distilled  water  ; 
174  grms.  of  Rochelle  salt  are  dissolved  in  400  cc.  of  a  solution 
of  pure  caustic  soda,  specific  gravity  1-14;  the  two  solutions 
are  now  mixed  and  made  up  to  1  litre.  The  liquid  should  be 
preserved  in  bottles  protected  from  the  light,  and  absoi-ption  of 
carbon  dioxide  from  the  air  should  be  provided  against. 

On  account  of  the  slight  instability  of  this  solution,  A.  Soldaini 
has  proposed  the  following  : — 416  grms.  of  potassium  bicar- 
bonate, 15  grms.  of  dry  basic  cupric  carbonate,  and  1400  grms.  of 
distilled  water  are  heated  together,  the  liquid  being  continually 
replaced  ;  when  the  evolution  of  CO,  has  nearly  ceased,  the 
liquid  is  made  up  to  its  original  volume  with  water,  filtered,  and 
concentrated  down  to  800  cc.  Such  a  solution  is  not  reduced  by 
light  or  the  carbon  dioxide  of  the  air  :  it  is  unaltered  by  pro- 
longed boiling,  and  may  even  be  evaporated  to  dryness  without 
decompo-sition.  It  is  reduced  by  formic  acid,  levulose,  glucose, 
and  lactose,  and  can  be  used  for  quantitative  purposes  in  the 
same  way  as  "  Fehling." 

Cane  sugar  cannot  be  estimated  directly  by  "  Fehling,"  since  it 
does  not  reduce  copper  solution ;  by  boiling  with  dilute  acid  it 
is,  however,  changed  to  inverted  sugar,  which  reduces  copper  or 
mercury  in  exactly  the  same  proportion  as  glucose. 

Starch  and  starchy  substances  may  be  also  changed  into  sugar 
by  boiling  for  several  hours  with  a  dilute  acid.  The  following  is 
a  convenient  method  : — Two  or  three  strong  assay  flasks  are 
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taken,  and  in  each  is  placed  from  '5  to  1  grm.  of  the  substance 
to  be  examined,  with  50  to  60  cc.  of  decinormal  sulphuric  acid  ; 
the  flasks  are  stoppered  with  caoutchouc  corks,  tied  down  with 
strong  string,  and  capped  with  linen  or  canvas,  and  the  whole 
suspended  in  a  water-bath  and  heated  for  from  six  to  eight  hours. 
At  the  end  of  four  hours  one  of  the  flasks  may  be  taken  out, 
cooled,  opened,  and  titrated ;  and  at  the  end  of  six  hom-s  the 
second.  If  there  is  no  marked  increase  in  the  amount  of  sugar 
between  the  first  and  the  second,  the  operation  is  finished  ;  but 
in  any  other  case  the  third  flask  should  be  heated  for  another 
four  hours  before  being  examined.  100  parts  of  grape  sugar  = 
90  of  starch. 


(2.)  Volumetric  'Processes  hy  tJie  did  of  Solutionis  of  certain 
Salts  of  Mercury. 

Knapp'fi  mercuric  cyanide  solution  is  made  by  dissolving  10 
grms.  of  mercuric  cyanide  in  about  600  cc.  of  water,  then  adding 
100  cc.  of  caustic  soda  solution  of  specific  gravity  1'145,  and  dilut- 
ing to  1  litre.  40  cc.  of  the  mercury  solution  are  placed  in  a 
flask,  heated  to  boiling,  and  the  solution  containing  sugar  run 
in  gradually  from  a  burette,  four  parts  of  mercuric  cyanide  being 
reduced  to  metallic  mercury  for  every  one  part  of  anhydrous 
grape  sugar  (or,  3-174  parts  of  metallic  mei'cury  =  1  anhydrous 
grape  sugar).  The  ending  of  the  process  is  discovered  by 
moistening  filter-paper  with  the  clear  solution,  and  holding  quite 
close  to  it  a  rod  dipped  in  ammonium  sulphide  solution ;  a 
decided  brown  coloration  takes  place  if  the  mercury  salt  is  in 
excess  ;  but  if  the  colour  is  very  faint,  the  operation  is  finished, 
for  it  appears  to  be  impossible  to  decompose  the  whole  salt,  a 
trace  always  remaining,  and  for  this  reason  the  solution  should 
be  standardised  with  sugar. 

A.  Sacchse  uses  the  following  solution  for  the  estimation  of 
sugar  : — 18  grms.  of  pure  dry  mei'curic  iodide,  and  25  grms.  of 
potassic  iodide  are  dissolved  in  water,  a  solution  of  80  grms. 
of  caustic  potash  is  added,  and  the  whole  made  up  to  1  litre. 
40  cc.  of  this  solution  [  =  0-72  gi-m.  Hgl,]  are  boiled  in  a  basin, 
and  the  solution  of  grape  sugar  is  run  in,  until  the  whole  of 
the  mercury  is  precipitated.  The  final  point  is  determined  by 
spotting  a  drop  of  the  supernatant  liquid  on  a  white  slab,  and. 
there  bringing  it  into  contact  with  a  drop  of  a  strongly  alkaline 
solution  of  stannous  chloride.  The  production  of  a  brown 
colour  shows  the  presence  of  unprecipitated  mercury. 
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§  73.  Some  recent  researclies  of  F.  Soxhlet*  bear  upon  the 
behaviour  of  the  diffei'ent  kinds  of  sugar  with  the  solutions  just 
described.  These  experiments  are  of  the  more  importance  since 
they  were  made  with  the  most  scrupulous  care,  and  with  the 
purest  materials,  while  the  testing  was  done  under  varied  con- 
ditions. 

Invert  Sugar. — Pure  invert  sugar  he  prepared  by  dissolving 
cane  sugar  which  had  been  purified  by  thrice  crystallising  out 
of  water,  and' dried  at  50°  in  a  vacuum  over  calcic  chloride.  9-5 
grms.  were  dissolved  in  700  cc.  of  boiling  water,  to  which 
had  been  added  100  cc.  of  hydrochloric  acid,  containing  -72 
of  HCl,  and  heated  in  the  water-bath  for  half  an  hour.  The 
liquid  was  finally  neutralised  with  soda,  and  diluted  to  one  or 
two  litres  as  might  be  required.  He  found  that  invert  sugar 
reduced  Fehling's  solution  almost  at  once,  and  that  in  all  cases 
two  minutes  were  sufficient,  no  advantage  being  gained  from 
a  longer  boiling;  nor  did  it  appear  to  matter  whether  the  sugar 
was  added  to  the  liquid  cold,  and  then  boiled  up,  or  the  sugar 
added  to  the  boiling  liquid. 

Soxhlet  drew  from  this  experiment  the  following  conclusions : — 

1.  The  proportion  in  which  invert  sugar  reduces  copper  oxide 
is  essentially  influenced  by  the  concentration  of  the  liquid. 
Dilution  of  the  copper  and  sugar  solution  lowers,  excess  of 
copper  raises,  the  reducing  power.  -5  grm.  invert  sugar  in 
1  per  cent,  solution  corresponds  to  101-2  cc.  of  undiluted  Fehling's 
solution ;  but,  if  Fehling  is  diluted  with  four  times  its  volume 
of  water,  then  the  same  amount  of  invert  sugar  is  equivalent  to 
97 '0  cc.  of  Fehling:  in  the  one  case  the  proportion  in  equivalents 
being  as  1  :  10-12,  in  the  other  as  1  :  9-70. 

2.  In  the  titration  of  an  invert  sugar  solution,  the  first  cc. 
of  the  sugar  solution  flowing  into  the  copper  reduces  more 
copper  than  the  next,  and  the  last  cc.  has  the  smallest  reducing 
power,  because  the  first  has  the  greatest  excess  of  copper  solu- 
tion to  act  upon,  and  the  last  the  smallest.  It  hence  follows 
that  the  reduction  proportion  is  not  constant  throughout  the 
operation,  but  is  continually  falling,  and  that  the  values  are 
purely  empirical,  and  only  correct  by  operating  always  with  the 
same  concentration  of  copper  and  sugar  solution. 

3.  The  accepted  view  tbat  1  equivalent  of  invert  sugar  i-educes 
10  of  CuO  is  wrong.  -5  of  invert  sugar  does  not  reduce  100  cc. 
of  Feliling's  solution  diluted  with  4  of  water;  97  or  100  cc. 
of  Fehling  are  not  equivalent  to  -500  grm.,  but  to  -515. 

Milk-Sugar. — Similai'ly  with  regard  to  milk-sugar,  he  gives 

*  .Journal.  /.  Prakt.  Chemk,  N.F.  xxi.,  227,  317  ;  ZeitachriJ'l.  f.  Analyt, 
Chemie,  xx.  4-25. 
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the  reduction  proportion  in  equivalents  as  1  is  to  740,  or 
■5  grm.  of  milk-sugar  in  1  per  cent,  solution  is  equal  to  74  cc. 
of  Fehling's  solution.  Dilution  of  the  solution,  or  concentration, 
has  a  similar  action  to  that  of  invert  sugar,  but  smaller  in  degree. 
(See  article  on  "  Milk.") 

Galactose. — Galactose  reduces  Fehling  as  quickly  as  invert  or 
grape  sugar.  -5  of  galactose  is  equivalent  to  98  cc.  of  undiluted 
Fehling.  If  the  latter  be  diluted  with  four  times  its  volume  of 
■water,  then  it  corresponds  to  94  cc.  The  reduction  ratio  in 
equivalents  is  as  1  : 9"8,  and  as  1  :  9*4  in  the  respective  cases 
mentioned. 

Maltose. — The  behaviour  of  maltose,  according  to  Soxhlet,  is 
as  follows  : — 

Maltose  has  the  smallest  reducing  power  of  all  the  sugars.  It 
reduces  the  copper  solutions  more  slowly  than  grape,  invert, 
and  galactose,  but  more  rapidly  than  milk  sugar.  '5  grm.  of 
maltose  in  1  per  cent,  solution  equals  64*2  undiluted  Fehling  ; 
and  the  same  quantity  corresponds  to  67'5  Fehling,  if  the  Fehling 
is  diluted  with  four  times  its  volume  of  water.  It  is  remarkable 
that  dilution  of  the  solutions  increases  the  reducing  power  ; 
while,  with  regard  to  undiluted  Fehling,  excess  of  copper  appears 
to  have  no  influence.  This  fact  affords  an  easy  way  of  estimat- 
ing maltose  by  weight ;  for  there  is,  under  these  circumstances, 
and  operating  with  1  per  cent,  maltose,  only  one  ratio,  viz. — 
100  of  anhydrous  maltose  equalling  113  copper.  It  is,  of  course, 
necessary  to  make  sure  that  the  copper  solution  is  in  excess. 
The  fluids  are  mixed  cold,  boiled  for  four  minutes  ;  the  sub- 
oxide collected  on  an  asbestos  filter,  reduced  in  a  current  of 
hydrogen,  and  weighed  as  metallic  copper  ;  or  it  is  also  open  to 
the  analyst  to  redissolve  the  copper  from  the  filter  by  an  acid, 
and  precipitate  on  a  platinum  dish  by  electi'olysis. 

Soxhlet  has  also  investigated  the  behaviour  of  the  solutions 
described  with  various  sugars,  and  gives  the  number  of  cc.  of 
the  quicksilver  solution  reduced  by  1  grm.  of  the  difi"erent  sugars 
when  dissolved  so  that  the  solutions  are  of  1  per  cent,  strength. 


Kuapp. 

Sacchse. 

Grape  sugar,  . 

497  -5  cc. 

302-5  cc. 

Invert  sugar,  . 

502-5 

376-0 

Levulose, 

508-5 

449-5 

Milk-sugar, 

322-5 

214-5 

Galactose, 

4130 

226  0 

Changed  milk-sugar, 

448-0 

258-0 

Maltose,  . 

317-5 

197-6 

Or,  if  the  reducing 

power  of  grape  sugar  be  taken 

as  100,  then 

the  other  sugars  may  be  thus  compared — 
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Fehling  nndiluted.       Knapp.  Saechse. 

Grape  sugar,      .      .  100  0  cc.  100 -Q  cc.  100  0  cc. 

Invert  sugar,      .       .        96  2  99-0  124-5 

Levulose,  ...  92-4  102-2  148-6 
Milk-sugar,  .  .  70-3  649  70-9 
Galactose,  ...  93  2  830  74-8 
Changed  milk-sugar,  .  96  2  90  0  85-5 
Maltose,     ,       .       .        61-0               63-8  65-0 


As  to  the  recognition  of  the  kind  of  sugar,  Sacchse's  solution 
differs  in  its  behaviour  with  the  various  kinds  more  than 
Knapp' s  solution,  and  is,  therefore,  the  best  adapted  for  this 
purpose. 

These  solutions  possess  no  advantage  over  Fehling's  in  the 
estimation  of  sugar,  if  one  kind  only  is  present ;  but  where 
there  are  two  kinds  of  sugar  in  one  sample,  or,  again,  where  the 
identity  of  the  sugar  is  doubtful,  then  the  mercury  methods  are 
of  very  great  use  and  importance.  Saechse  recommended  the 
use  of  his  method,  combined  with  that  of  Fehling,  to  determine 
the  relative  proportions  of  grape  and  invert  sugar  in  a  mixture. 
He  considered  that  grape  and  invert  were  reduced  by  Fehling 
in  exactly  equal  proportions,  and  by  his  mercury  solution  in 
unequal  proportions  ;  but  the  researches  of  Soxhlet  just  detailed 
show  that  Fehling  does  not  act  in  the  way  assumed  by  Saechse, 
so  that  the  calculation  for  the  amount  of  sugar  in  a  liquid  by 
the  combined  method  is  somewhat  dijfferent,  and  must  be  done 
according  to  the  following  equations. 

The  general  formula  is  — 

ax  +  by  =  F, 
cx  +  dij  =  S, 

a  is  the  number  of  cc.  Fehling's  solution,  reduced  by  1  grm. 
of  grape  sugar. 

6  is  the  number  of  cc.  Fehling's  solution,  reduced  by  1  grm. 
of  invert  sugar. 

c,  the  number  of  cc.  Sacchse's  solution,  reduced  by  1  grm.  of 
grape  sugar. 

d,  the  number  of  cc.  of  Sacchse's  solution,  reduced  by  1  grm. 
of  invert  sugar. 

F,  the  number  of  co.  of  Fehling's  solution,  used  by  1  volume 
of  sugar  solution. 

S,  the  number  of  cc.  of  Sacchse's  solution,  used  by  1  volume 
of  sugar  solution. 

X,  the  amount  of  the  grape  sugar  in  grammes  contained  in  a 
volume  of  the  sugar  solution. 
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y,  the  amount  of  the  invert  sugar  in  grammes  contained  in  a 
volume  of  the  sugar  solution. 

Since,  with  the  titration  of  the  mixed  sugar  solutions,  equal 
amounts  of  the  mercury  and  copper  solutions  are  taken,  which 
use  up  unequal  amounts  of  the  sugar  solution,  it  is  most  con- 
venient to  calculate  the  number  of  cc.  of  Sacchse  and  Fehling 
equivalent  to  100  cc.  of  the  sugar  solution. 

Putting  Soxhlet's  values  in  place  of  the  symbols,  the  equa- 
tion for  grape  and  invert  sugar  becomes  as  follows  : — 


210-4a;  -I-  202-4?/  =  F 
330 -occ  +  266%  =  S 


Or  if  the  mixture  is  lactose  and  grape  sugar,  the  equation  is — 


210-4X  -I-  196%  =  F' 
330 -Sa;  +  442%  =  S. 


Therefore,  since  the  F  and  S  are  found  experimentally,  then 
there  are  only  two  unknown  quantities,  which  are  easily  cal- 
culated by  the  ordinary  rules.  It  is  scarcely  necessary  to  ob- 
serve that  the  same  calculation  applies  to  Knapp's  solution,  if 
the  proper  values  are  substituted  in  the  formula.* 

Soxhlet's  method  of  using  Fehling's  solution  is  as  follows  : — 
50  cc.  of  Fehling's  solution  are  heated  to  boiling,  and  the  sugar 
solution  run  in,  in  the  usual  way,  until  the  blue  colour  disappears. 
This  gives  the  approximate  strength  of  the  solution,  and  it  must 
be  now  diluted  so  that  there  will  be  about  1  per  cent,  of  sugar 
in  the  solution.  A  second  50  cc.  are  now  taken  and  heated  with 
the  exact  number  of  cc.  of  the  solution,  which  (supposing  it  to 
be  accurately  1  per  cent.)  would  throw  down  all  the  copper. 
This  heating  is  to  occupy  two  minutes  for  invert  sugar,  grape 
sugar,  and  lactose  ;  four  minutes  for  maltose  ;  and  six  minutes 
for  milk-sugar.     The  whole  fluid  is  now  poured  on  to  a  large 


Anhydrous. 

Grape  sugar, 
Invert  sugar, 
Levulose,  . 
Milk, 
Lactose, 
Maltose, 


100  cc.  of  Knapp's  solution 
are  reduced  by 


MilligrammeB. 

201  0 
199  0 
197  0 
310  0 
242  0 
3150 


100  cc.  of  Sacchse's  solution 
are  reduced  by 

Milligrammes. 

330-5 
266  0 
222-5 
466  0 
442-0 
5060 
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filter  ;  if  the  filtrate  is  greenish,  copper  is  of  course  present ;  but 
if  it  is  yellow  still  there  may  be  copper  dissolved,  and  a  little 
must  be  tested  in  a  test-tube  with  acetic  acid  and  ferrocyanide 
of  potash  solution.  A  dark  red  colour  shows  a  large  amount, 
a  pale  red  a  small  amount  ;  but  if  there  is  no  colour  at  all 
the  copper  is  precipitated,  if  copper  was  in  the  solution.  In  the 
next  experiment  a  slightly  larger  amount  of  sugar  is  used,  but 
if  free  from  copper  then  in  the  next  assay  1  cc.  of  sugar  solution 
less  is  taken.  These  titrations  (which  are  very  rapidly  executed) 
are  continued  until  in  two  experiments  the  addition  or  subtrac- 
tion of  1  cc.  gives,,  on  tlie  one  hand,  a  copper-free,  and,  on  the 
other,  a  trace  of  copper-containing  liquid.  In  dark  liquids  the 
fen'ocyanide  and  other  tests  of  the  kind  are  unsuitable  ;  but  iii 
such  a  case  a  few  drops  of  the  filtrate  are  put  in  a  test-tube, 
boiled  with  a  little  sugar  solution  for  a  minute,  and  then  put  on 
one  side  to  deposit  for  two  or  three  minutes.  The  fluid  is  now 
decanted,  and  a  little  ])iece  of  white  filter-paper,  which  has  been 
previously  wound  round  a  glass  rod,  wiped  around'  the  bottom, 
when  any  oxide  of  copper  which  has  been  deposited  adheres  to 
the  paper  in  this  way,  and  is  at  once  discovered. 

It  may  be  well  to  give  an  example  of  this  method'  of  sugar 
titration  : — 10  grms.  of  commercial  starch  sugar  were  dissolved 
in  250  cc.  of  water  ;  of  this  solution  8  cc.  decolourised  50  cc.  of 
Fehling.  Now  50  cc.  of  Fehling  correspond  to  about  2.4  cc.  of  a 
1  per  cent,  solution  of  grape  sugar.  Hence,  to  make  a  1  per 
cent,  solution,  83'3  cc.  must  be  made  into  250  cc.  by  the  addi- 
tion of  water.  Six  experiments  were  now  made  with  this 
solution. 

(1.)  23  cc.  were  boiled  with  a  fresh  50  cc.  of  Fehling,  filtrate 
blue-yreen  ;  therefore,  much  copper  present. 

(2.)  24  cc.  boiled  in  the  same  way,  filtrate  greenish. 
(3.)  25  cc,  filtrate  yellow  ;  no  copper  reaction. 
(4.)  24-5  cc,  filtrate,  with  ferrocyanide,  dark  red, 
(5.)  24-7  cc,  filtrate  clear  red. 
(6.)  24'8  cc,  filtrate  contained  no  copper. 

The  true  value,  therefore,  evidently  lies  between  24-7  and 
24'8  cc.  ;  that  is,  24'75  cc.  Now,  since  50  cc.  of  Fehling  is 
decolourised  by  23-75  cc.  of  a  1  per  cent,  solution  of  grape  sugar, 
24-75  cc.  contain  -2375  grra.  grape  sugar,  and  250  cc  (equalling 
83-3  cc.  of  the  original  sugar  solution)  equal  2-399  grms.  : 
therefore,  250  cc.  of  the  original  solution  (containing  10  grms.  of 
substance)  contain  7*20  of  grape  sugar,  and  the  amount  of  grape 
sugar  in  the  whole  is  72-0  per  cent. 
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(3.)  Gravimetric  Processes. 

Gravimetric  processes  must  be  substituted  for  volumetric  in 
cases  in  which,  from  the  darkness  in  colour  of  the  fluid,  the  end 
reaction  would  be  difficult  to  observe.  One  of  the  best  is  that 
recommended  by  Br.  Pavy  — The  ordinary  Fehling's  solution  is 
boiled  in  slight  excess  with  the  substance  containing  glucose  or 
lactose,  which  should  be  in  solution  in  about  1  per  cent,  strength, 
tlie  precipitate  of  suboxide  of  copper  immediately  collected  on  a 
filtei',  made  by  packing  the  throat  of  a  funnel  with  glass  wool, 
the  suboxide  of  copper  dissolved  by  a  little  peroxide  of  hydrogen 
and  a  drop  of  nitric  acid  ;  and  lastly,  the  copper  deposited  as 
copper  on  a  tared  piece  of  platinum  foil  by  electrolysis  and 
weighed.  The  amount  of  copper  found,  multiplied  by  -538,  gives- 
its  equivalent  in  glucose.  Dr.  Pavy  recommends  for  the  elec 
tvolysis  the  use  of  a  constant  battery,  consisting  of  an  outer  cell 
chai'ged  with  bichromate  of  potash  dissolved  to  saturation  in 
dilute  sulphuric  acid,  an  inner  porous  cell  containing  a  little 
mercury  at  the  bottom  and  filled  up  with  water,  and  having  in 
its  centre  an  amalgamated  zinc  rod  dipping  into  the  mercury. 
In  the  outer  cell  are  two  carbon  plates.  However,  any  other 
battery  will  do,  or  an  ordinary  platinum  dish  may  be  coated 
with  the  copper,  as  described  in  the  article  on  the  "Estimation  of 
Copper"  in  the  second  volume  of  this  work.  The  method  is  also 
applicable  to  the  mercury  processes  just  detailed,  and  either  the 
excess  of  mercury  cyanide  in  a  solution,  or  the  precipitated 
mercury,  can  be  collected  on  gold  foil  or  gold  capsules. 

It  is  also  evident  that  the  copper  suboxide,  instead  of  being 
weighed  as  copper  or  oxide,  can  be  collected,  washed,  redissolved, 
and  estimated  volumeti'ically.  One  of  the  best  methods  under 
these  particular  circumstances  is  to  collect,  as  before,  on  glass 
wool,  dissolve,  by  the  aid  of  a  gentle  heat,  in  a  solution  of  pure 
ferric  chloride  with  the  addition  of  a  little  sulphuric  acid,  and 
tlien  titrate  the  solution  of  cuprous  chloride  by  a  previously 
standardised  solution  of  permanganate  of  potash. 

(4.)  Physical  Processes  for  the  Determination  of  Sugar. 

The  saccharimeters  in  use  are  numerous,  but  those  only  of 
Mitscherlich,  Soleil,  and  Jellett  will  be  described  here.  The 
polarising  instrument  of  Mitscherlich  is  extremely  simple.  (See 
fig.  14r.)  It  consists  of  a  stationary  Nicol's  prism  in  a,  a  plano- 
convex lens  in  h,  and  a  I'otatiug  Nicol's  prism  c.    The  first  prism 
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polarises  the  light,  and  the  use  of  the  second  is  to  indicate  the 
plane  of  the  polarised  ray  coming  from  the  first.  The  second 
prism  is  therefore  set  in  a  graduated  circle,  dd,  and  is  provided  with 
an  index,  /,  and  there  is  a  handle,  e,  which  turns  both  prism  and 
index.  If  the  index  be  either 
at  0°  or  180°,  and  an  observer 
look  through  the  tubes 
towards  the  source  of  light, 
the  flame  is  seen  divided  by 
a  vertical  line  into  two  equal 
parts ;  if  now  the  tube,  sup- 
plied with  the  instrument, 
be  filled  with  the  liquid  to 
be  examined,  and  interposed 
between  the  lens  and  the 
second  prism,  should  it  con- 
tain sugar  or  other  polarising 
substance,  the  black  stripe 
is  no  longer  in  the  middle  of 
the  field,  and  the  handle 
moving  the  index  and  prism 
must  be  turned  until  the 
black  stripe  is  seen.;  or,  if  the 
stripe  is  broad  and  undefined, 
the  prism  is  turned  tmtil  the 
exact  point  is  reached  in 


Fig.  14. 


which  blue  changes  into  red — the 
index  at  this  point  marking  the  amovint  of  the  polarisation  by 
the  scale  and  the  direction ;  for  if  the  index  has  to  be  turned  to 
the  right,  the  polarisation  is  + ,  or  right-handed;  if  to  the  left  -  , 
or  left-handed. 

In  order  to  make  this  quantitative,  and  to  estimate  the  specific 
rotation  of  a  sugar  (i.e.,  the  number  of  degrees  of  rotation  observed 
when  1  grm.  of  the  sugar  is  dissolved  in  1  cc.  of  fluid  and  observed 
by  yellow  light  through  a  tube  1  decimetre  long),  it  is  necessary 
to  dissolve  a  known  weight  of  the  pure  sugar  in  water ;  then  if 
the  length  of  the  tube  be  known,  and  the  temperature  of  the 
solution  and  the  rotation  be  observed,  all  the  necessary  data  are 
obtained.  For  example,  let  the  rotation  =  a,  the  length  of 
the  tube  in  decimetres  =  1,  the  weight  of  substance  in  1  cc.  of 
fluid  =      then  the  specific  rotation  for  yellow  light — 


-  pi 


the  sign  being  in  use,  signifying  yellow  liglit.  Or,  to  take 
an  actual  example  :  14'3  grms.  of  a  substance  dissolved  in  100  cc. 
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(•143  grm.  in  each  cc),  and  a  2  decimetre  long  ttibe  filled  with 
this  liquid,  the  rotation  on  the  scale  being  16°  to  the  right,  then 

=  55-94. 


0143-2 


and  55-94  is-  the  specific  i-otation.  The  best  source  of  light  for 
accurate  researches  is  a  Bunsen  burner,  in  the  middle  of  which 
there  is  a  little  pellet  of  sodium  held  on  a  wire.  This  source  of 
light  iu  formulae  is  usually  indicated  by  (a)^. 

Provided  there  be  only  one  sugar  in  the  fluid  under  investiga- 
tion, the  specific  rotation  of  which  is  known,  the  weight  of  the 
sugar  in  1  cc.  of  the  fluid  is  estimated  by  the  following  formvila  : 

P  =  ^^y^i  where  a  eqjials  the  observed,  and  (d)  the  specific 

rotation. 

Soleil's  Saccharimeter. 

Soleil's  saccharimeter  {see  Plate)  consists  of  three  essential  parts, 
two  of  which  are  fixed  (fig.  1),  A  B  and  CD,  the  other  movable, 
which  is  inserted  between  B  and  C,  and  which  is  sometimes  the 
tube  BC,  20  centimetres  long  (fig.  2),  and  sometimes  the  tube 
B'C  (fig.  3),  22  centimetres  long,  furnished  with  a  thermometer, 
T.  These  tubes  are  destined  to  contain  the  saccharine  solutions, 
the  value  of  which  is  to  be  determined. 

The  movable  parts  are — 

(1.)  The  small  movable  tube  D'D  (fig.  1),  carrying  the  eye- 
piece, which  focuses  by  drawing  in  and  out. 

(2.)  The  little  button  V  (fig.  4),  serves  to  adjust  the  zero  of 
the  scale  with  the  zero  of  the  indicator. 

(3.)  The  large  milled  screwhead  on  the  vertical  axis  H  (fig.  1), 
by  which  is  rendered  uniform  the  tint  observed. 

(4.)  The  milled  ring  B  (figs.  L  and  2),  by  the  aid  of:  which 
they  give  to  this-  same  tint  the  colour  which  lends  itself  best  to 
a  precise  valuation. 

(5.)  Lastly,  the  divided  scale  RR  (fig.  4),  on  which  is  read 
the  number  giving  the  richness  of  the  sugar  under  examination. 

The  details  of  operating  are  as  follows  : — The  lamp  is  adjusted 
so  that  its  light  traverses  the  axis.  A  tube  similar  to  that 
which  contains  the  saccarhine  solution  is  filled  with  pure  water, 
and  is  adjusted  in  the  place  provided  for  it  between  the  ocular 
and  objective  portion.  Then  applying  the  eye  at  D  (fig.  1), 
the  tube  DD'  is  either  pushed  out  or  in,  until  the  field  is  seen 
divided  into  two  equal  halves,  coloured  with  one  and  the  same 
tint,  or  two  difl'erent  tints  sepai-ated  from  each  other  by  a  black 
line,  which  should  be  very  sharply  defined.    If,  as  generally 


soleil's  saccharimeter. 
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happens,  the  two  half-discs  have  not  the  same  tint  or  shade,  tlie 
large  horizontal  button  H  is  turned  either  way  until  the  desii-ed 
result  is  obtained. 

It  is  not  only  necessary  that  the  two  half-disos  should  have 
the  same  tint  or  colour,  but  in  order  to  be  extremely  exact,  that 
tint  should  be  the  one  most  sensible  to  the  eye  of  the  observer; 
and  as  all  eyes  are  not  equally  sensible  to  the  same  tint,  the 
proper  colour  must  be  found  by  experiment. 

The  zero  line  on  the  scale  must  coincide  exactly  with  the  black 
line  of  the  indicator  I  (fig.  4).  If  the  coincidence  is  not  perfect, 
it  may  be  established  by  turning  either  way  the  little  button 
V  until  this  is  accomplished. 

The  instrument  once  adjvisted,  the  examination  of  the  sugar 
may  be  commenced. 

The  tube  BC,  filled  with  the  saccharine  solution,  is  substituted 
for  that  filled  with  water,  or  if  an  inverted  sugar  is  taken,  then 
B'C  is  filled.  On  now  looking  through  the  instrument,  it  is 
seen  that  uniformity  of  tint  no  longer  exists,  and  that  the  two 
half-discs  are  coloured  by  different  shades.  The  uniformity  is 
re-established  by  turning  the  large  horizontal  button  H  until 
the  two  half-discs-  are  again  uniform. 

As  the  saccharine  solution  is  mostly  coloured,  the  uniform 
tint  re-established  is  not  in  general  the-  sensible  tint,  to  which, 
however,  it  is  necessary  to  return,  and  which  the  colour  of  the 
solution  has  caused  to- disappear.  The  milled  head  B  is  then 
turned  to  cause  the  sensible  tint  to  reappear  ;  this  tint  returned, 
the  equality  of  shade  of  the  two  half-discs,  if  not  quite  perfect, 
must  be  made  so  by  turning  again  H.  It  now  only  remains  to 
read  the  degree  on  the  scale  RE,',  to  which  the  index  answers  ; 
the  number  corresponding  to  this  degree  gives  immediately  in 
lOOths  the  titre,  or  the  richness  of  the  solution, 

The  preparation  of  the  sacchai'ine  solutions  is. as  follows  : — 

(1.)  Normal  solutions  of  pure  sugar. — 16'26  grms.  of  pure 
sugar  are  dissolved  in  water,  the  volume  made  up  to  100  cc,  and 
observed  in  a  tube  20  cms.  in  length ;  marks  100  degrees  on  the 
saccharimeter. 

(2.)  The  raw  sugar  of  comw.erce. — 16-26  grms.  of  the  sugar  are 
powdered  and  dissolved  in  water,  and  the  whole  made  up  to 
100  cc.  ;  if  the  solution  is  too  dark,  it  may  be  clarified  by  sugar 
of  lead.  The  tube  BC  is  filled  with  the  solution  thus  prepared 
and  adjusted. 

(3.)  The  next  operation  is  to  invert' the  sugar.  5  cc.  of  fum- 
ing HCl  are  added  to  50  cc.  of  the  sugar  solution,  and  heated  in 
tlie  water-bath  up  to  68°C.  ;  when  that  temperature  is  reached, 
the  solution  is  put  in  the  tube  B'C,  its  rotating  power  (which 
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is  now  inverse)  observed,  and  at  the  same  time  the  temperature 
at  the  moment  of  the  observation.* 

We  have  now  all  the  data  necessary,  and  the  amount  of  sugar 
may  be  readily  found  by  tables,  such  as  those  of  M.  Clerget,  or 
by  the  formula  as  below. 

Supposing  the  number  given  by  the  first  observation  is  75,  by 
the  second  (inverted)  21,  at  a  temperature  of  12°C.,  the  sum  of 
the  two  numbers  (75  +  21)  makes  96.  Now,  in  referring  to 
M.  Clerget's  table,  under  12°,  or  in  the  third  column  corre- 
sponding to  the  temperature  of  12°,  the  nearest  number  to  96 
is  in  tliis  instance  95'6;  the  horizontal  line  in  which  95-6  is 
placed  is  followed,  and  there  is  found,  first,  in  the  column  A,  the 
figures  70  per  cent,  of  pure  crystalline  sugar ;  secondly,  in  the 
column  B,  the  figures  114-45,  placed  by  the  side  of  70,  which 
indicates  that  the  saccharine  solution  examined  contains  per  litre 
114-45  grms.  of  pure  sugar.  If,  however,  as  sometimes  happens, 
the  solution  contains  a  polarising  substance  not  modified  by 
acids,  in  such  a  case  the  difierence  of  the  two  numbers,  and  not 
the  sum,  is  to  be  taken  and  dealt  with  as  before.  It  is  scarcely 
necessary  to  remark,  that  if  the  substance  is  known  to  contain 
only  crystallisable  sugar,  and  the  tube  BC  be  filled,  one  observa- 
tion alone  suffices. 

If  tables  are  not  at  hand,  the  following  formvila  can  be  used  : — 
Let  T  be  the  tempei'ature,  S  the  sum  or  difierence  of  the  two 
determinations,  P  the  rotatory  power,  R  the  quantity  of  sugar 
contained  in  1  litre  of  the  solution  : — 

„       200S         ^     P  X  16-350  _  p 
~  288^T  ~   To   grms. 

Professor  Jellett's  instrument  is  a  little  more  elaborate  than 
Soleil's,  and  of  great  accuracy.  The  eyepiece  or  analyser  of  the 
apparatus  consists  of  a  suitably  mounted  prism,  made  from  a 
rhombic  prism  of  Iceland  spar.  The  rhombic  prism  is  cut  by 
two  planes  perpendicular  to  the  longitudinal  edges,  so  as  to  form 
a  right  prism.  The  prism  is  next  divided  by  a  plane  parallel  to 
the  edge  just  produced,  and  making  a  small  angle  with  the  longer 
diagonal  of  the  base.    One  of  the  two  parts  into  which  the  prism 

*  Mr.  Allen,  taking  into  account  the  fact  that  95  parts  of  cane  sugar 
equal  100  parts  of  inverted  sugar,  gives  the  following  as  the  si)ecific 
rotatory  power  of  the  ])rincipal  sugars  : — 

Cane  sugar,  +  73-8° 

Invert  sugar,        ....       -    25-6°  at  15° 

Dextrose  -1-  57-6° 

Levulose,  -  108-8°  at  15° 

—Analyst,  1880,  p.  199. 
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is  thus  divided  is  then  reversed,  so  as  to  place  the  base  upper- 
most, and  the  two  parts  are  connected  together. 

Another  distinctive  feature  of  the  instrument  is,  that  the 
mechanical  rotation  of  the  analyser  for  the  finding  of  any  par- 
ticular plane  is  dispensed  with,  this  function  being  transferred 
to  a  fluid  which  has  the  power  of  turning  the  plane  of  polarisa- 
tion opposite  to  that  of  the  solution  to  be  examined.  The 
analysing  tube  slips  into,  and  moves  up  and  down  in,  the  compen- 
satins  fluid,  so  that  difi'erent  thicknesses  of  the  latter  fluid  can  be 
readily  interposed  and  measured  by  a  scale  fixed  to  the  instrument. 

The  Saccharimetre  a  Penombres,  of  which  the  principle  was 
enunciated  by  M.  Jellet,  as  constructed  by  M.  Duboscq,  has 
some  very  great  advantages.  It  requires  the  employment  of  a 
simple  light,  and  the  field  does  not  present  to  the  eye  for  com- 
parison two  difi'erent  colours,  but  two  intensities,  sensibly  diverse, 
of  one  and  the  same  colour,  so  that  the  least  variation  can  be 
appreciated.  The  simple  light  is  best  obtained  by  the  insertion 
of  a  bead  of  some  salt  of  soda  on  a  platinum  wire  in  the  flame  of 
a  Bunsen  burner. 


CONFECTIONERY,  —SWEETMEATS. 

§  74.  It  woiild  take  many  pages  to  describe  the  composition  of 
the  various  kinds  of  sweetmeats  in  commerce  :  the  basis  of  all 
is  either  cane  or  grape  sugar,  or  honey,  flavoured  with  appropriate 
essences,  and  coloured  with  various  colouring  matters.  A  great 
many  common  sweetmeats  have  a  most  definite  composition,  and 
it  is  evident  that  a  deviation  from  the  oi'dinaiy  process  of  manu- 
facture must,  if  it  should  take  the  form  of  substituting  inferior 
articles  for,  or  the  addition  of  matters  giving  weight  to,  that 
which  is  ordinarily  sold,  would  be  an  adulteration.  As  an 
example  "  peppermint  lozenges,"  or  "peppermint  drops,"  are 
composed  of  albumen,  cane  sugar,  and  oil  of  peppermint.  None 
of  these  ingredients  have  any  amount  of  mineral  matter,  and 
peppermint  lozenges,  when  burnt,  do  not  leave  as  much  as  -2  per 
cent,  of  ash.  Since  they  are  sold  by  weight  it  is  easy  to 
adulterate  them  by  mineral  substances  ;  but  such  an  addition 
■would  be  most  decidedly  fraudulent,  and  the  analyst  may  justly 
certify  accordingly. 

A  large  proportion  of  the  common  sweets  contain  nothing  else 
besides  sugar,  for  the  manufacturer,  by  careful  heating,  is  able 
to  impart  a  quite  surprising  scale  of  colours,  from  the  purest 
white  to  fawn  colour,  straw  colour,  reddish-brown,  brown,  to 
almost  a  jet  black,  by  this  agent  alone. 
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Sugar-Candy  is  simply  crystals  of  sugar  obtained  in  a  particu- 
lar way,  and  is  of  all  colours — from  the  white  candy,  largely 
used  for  the  manufacture  of  artificial  champagne,  to  all  shades  of 
yellow  and  red.  As  usually  mamifactured,  the  purified  sugar 
solution  is  concentrated  to  a  specific  gravity  of  1-420  to  1450, 
and  then  run  into  copper  cones,  through  which  are  passed  a 
number  of  threads  ;  these  cones  are  heated  with  warm  air,  and 
the  crystallisation  occupies  as  much  as  from  eight  to  fourteen 
days.  The  composition  of  white  candy,  made  from  pure  loaf- 
sugar,  is  as  follows  : — 

Per  ceut. 

Crystallisable  sugar,  .  ,  .  ..  80  "00 
Uncrystallisable  sugar,        .       .       .  Traces. 

Ash  

Water,        .  ;20  00 

The  coloured  candies  may  contain  some  mineral  matter,  and  a 
good  deal  of  uncrystallisable  sugar  ;  copper  may,  as  an  impurity, 
be  present. 

Composition  of  Sweetmeats  Generally. 

ToFPY. — TofFy  is  the  melting  of  sugar  with  butter,  and  ether 
will  extract  a  large  amount  of  fat. 

The  ice-coating  of  calces  is  composed  of  white  sugar  and  albumen. 

A  great  many  sweets  are  acidulated  with  citric  acid,  and  a 
few  have  cavities  within  them,  supposed  to  contain  alcohol,  but 
really  a  little  syrup.  Gum,  tragacanth,  citric  acid,  fruit  sugar, 
gelatine,  albumen,  fatty  and  flavouring  matters,  with  the  follow- 
ing colouring-matters,  make  up  the  usual  harmless  ingredients  of 
the  confectioner's  shop  : — 

Red. — Cochineal,  carmine,  the  juice  of  beet  and  of  red  berries, 
such  as  cherries,  currants,  &c. 

Yellow. — Safi'ron,  safilower,  turmeric,  marigold,  Persian  berries. 

Blue. — Indigo,  litmus,  safi'ron  blue. 

Green. — Spinach  juice  and  mixtures  of  yellow  colours  with  blue. 
Black. — Chinese  int. 

Besides  these,  there  are  the  aniline  colours,  which,  when  pure, 
have  not  been  proved  to  be  injurious. 

Analysis  of  Sweetmeats. 

§  75.  The  analyst  will  naturally  first  turn  his  attention  to  the 
percentage  of  sugar,  and  estimate  the  total  amount  in  the  usual 
way;  and,  if  necessary,  investigate  by  optical  and  chemical  means, 
whether  there  is  moi*e  than  one  kind  of  sugar  present.  The 
essential  oils  may  be  dissolved  out  by  petroleum  ether,  and 
identified  by  their  odour;  but  the  colouring-matter  will,  for  the 
most  part,  be  the  chief  substance  necessary  to  examine.    If  the 
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colouring  is  only  on  the  external  surface,  it  is  better  to  detach  it 
by  scraping  or  rasping,  than  to  powder  the  whole  substance  up, 
for  if  the  colour  is  carefully  detached  as  pure  as  possible,  tests 
may  sometimes  be  directly  applied  without  any  further  trouble. 
The  colour  by  treatment  with  alcohol,  with  water,  and  with 
bleaching  powder,  is  quickly  referred  either  to  the  organic  or  to 
the  inorganic  division  of  chemical  substances.  With  regard  to 
organic  colours  generally,  the  reader  may  consult  the  sections 
treating  of  "  Colour,"  where  full  directions  are  given  for  their 
identification.  If,  however,  the  colour  is  apparently  inorganic, 
then  tlie  following  substances  may  be  particularly  tested  for  : — 
Among  RED  coloiirs — iron  ; 

„      YELLOWS — chromate  of  barium,  and  lead  compounds, 

arsenic  and  antimony  ; 
„      GREEN — arsenic,  copper  ; 
„      BLUE — Prussian  blue  ; 
„      WHITE — -sulphate  of  barium,  salts  of  zinc. 
A  weighed  portion  of  the  scraped-ofF  colouring-matter  is 
burned  to  an  ash,  which  is  dissolved  in  hydrochloric  acid,  and 
tested  with  hydric  sulphide,  after  adding  just  suJfficicnt  soda  to  so 
neutralise  the  acid  as  to  leave  only  a  slight  excess.    Under  these 
circumstances,  lead,  copper,  or  zinc,  if  present,  will  be  precipi- 
tated ;  while,  if  it  is  strongly  acid,  zinc  would  remain  almost 
entirely  in  solution.    Ammonium  hydrosulphide  is  next  added 
to  the  solution,  which  has  been  boiled  and  filtered  from  any  pire- 
cipitate ;  this  reagent  will  throw  down  iron,  manganese,  &c.  To 
test  for  chromium,  it  is  best  to  boil  the  colouring-matter  with  a 
solution  of  carbonate  of  potassium,  when  potassic  chi'omate  will 
be  formed,  which  gives,  in  neutral  solutions,  a  pui-plish  precipi- 
tate with  nitrate  of  silver.    Barium  is  easily  detected  by  fusing 
the  ash  with  carbonate  of  soda,  dissolving  the  ash  in  dilute 
hydrochloric  acid,  and  adding  a  little  hydric  sulphate  ;  a  heavy 
characteristic  precipitate  of  barium  sulphate  is  thrown  down. 
If  barium  is  present,  it  may  exist  with  evidences  of  chromium, 
in  which  case,  in  all  probability,  the  colouring-matter  was 
chromate  of  barium,  or  if  the  sweetmeat  is  not  coloured  by 
barium  chromate,  baryta  sulphate  may  have  been  added  simply 
to  give  weight.    Arsenic  and  antimony  are  best  discovered  by 
boiling  a  little  of  the  colouring-matter  with  copper-foil  [Reinsch's 
test];  and  although  this  test' will  not  detect  quite  such  a  minute 
(juantity  as  Marsh's  test,  it  is  sensitive  enough.    Copper  is 
also  best  detected  by  electrolysis,  the  substance  being  placed 
in  a  platinum  dish,  acidified,  and  then  a  rod  of  zinc  inserted  ; 
or,  the  neater  plan  of  connecting  the  dish  itself  with  a  battery 
may,  where  appliances  are  at  hand,  be  preferred. 
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HONEY. 

§  76.  Commercial  honey  is  the  saccharine  matter  collected 
and  stored  by  one  pai'ticular  species  of  bee  {Apis  mellifica)  ;  but 
the  production  of  honey  is  by  no  means  limited  to  the  bee,  for 
there  is  a  honey-ant  *  in  Mexico,  which  stores  a  nearly  pure  syrup 
of  uncrystallised  sugar.  This  is  slightly  acid  in  reaction,  and 
i-educes  salts  of  silver  like  formic  acid.t 

A  wasp  of  tropical  America  is  said  to  yield  a  honey  in  which 
are  found  crystals  of  cane  sugar,  but  the  evidence  as  to  this 
latter  point  is  not  decisive.  J  A  curious  sample  of  honey  has 
been  analysed  by  A.  Villiers.  §  It  was  derived  from  Ethiopia, 
and  is  the  produce  of  an  insect  resembling  a  large  mosquito, 
which,  like  our  wasp,  makes  its  nest  in  cavities  in  the  ground. 
It  secretes  no  wax.  The  natives  call  the  honey  '  tazma,'  and 
ascribe  to  it  medicinal  virtues,  especially  using  it  as  a  cure  for 
sore  throat.    Its  composition  is  as  follows  : — 

Per  cent 


Water,   25-5 

Fermentable  sugar  (levulose  with  a  sixth  of  glucose  iu  excess),  32 '0 

Mannite,   3-0 

Dextrine,   27  9 

Ash,   2-5 

Loss  and  unestimated,     .       .       .       .       .       .       .       .  9"1 


The  honey  contained  a  non-nitrogenous  bitter  principle. 

The  essential  constituent  of  honey  is  a  mixture  of  dextrose 
and  levulose;  it  also  contains  mannite,  wax,  organic  acids,  pollen 
from  the  flowers,  not  unfrequently  alkaloidal  and  bitter  principles 
from  the  plants,  possibly  derived  from  the  pollen,  small  quan- 
tities of  cane  sugar,  of  mineral  matter,  and  invariably  minute 
quantities  of  alcohol.  There  exist  but  few  analyses  of  honey,  and 
those  that  have  been  made  are  incomplete.  The  best  and  most 
reliable  are  those  of  Dr.  Brown,  who  estimated  the  proportion  of 
the  diff"erent  kinds  of  sugar,  <fec.,  as  in  the  following  table  ;  but 
made  no  determination  of  the  volatile  acids,  of  the  alcohol,  nor  of 
the  amount  of  mannite.  The  analyses  are,  however,  quite  com- 
plete enough  to  give  an  idea  to  the  food-analyst  as  to  what  pro- 
portion of  the  main  and  valuable  constituents  he  is  likely  to  find 
in  genuine  honey. 

*  The  Myrmecocystus  Mexicanus.  There  are  two  kinds  of  workers — one 
the  active  form,  the  other  sedentary— which  produce  the  honey.  The  latter 
is  the  larger,  and  has  a  tumid  abdomen ;  it  never  quits  the  nest.  The  honey 
is  discharged  into  proper  receptacles,  and  from  it  the  Mexicans  make  a 
pleasant  drink. 

t  H.  Marsten,  Pogg.  Ann.,  c.  550. 

t  G.  M.  Wethereli,  Chem.  Oaz.,  853,  72. 

§  Compt.  Bend.,  Ixxxviii.  292,  293. 
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It  will  be  noticed  that  the  percentage  of  total  glucose  varies 
within  very  wide  limits,  the  highest  number  being  79-38,  the 
lowest  68'40  per  cent. — a  range  of  nearly  11  per  cent.  Doubt- 
less the  quantity  of  sugar  stored  by  the  bee  depends  on  the 
age  of  the  insect,  "  virgin  honey  "  being  notoriously  of  a  better 
flavour  and  quality  than  that  produced  by  old  bees  ;  it  also 
depends  on  the  nature  of  the  country,  and  the  quality  and  quan- 
tity of  food  of  the  bee.  The  relative  quantities  of  dextrose  and 
levulose  range  in  the  table  somewhat  widely ;  but  if  the  whole 
nine  analyses  are  taken,  the  mean  gives  nearly  equal  proportions 
of  dextrose  and  levulose. 

The  specific  gravity  of  virgin  honey  is  from  1  "425  to  1  '429  ;  that 
of  honey  from  old  bees,,l'415  to  1-422.  According  to  Buchnei-, 
some  forms  of  honey  reach  a  specific  gravity  of  1  -440  ;  the  rota- 
tion of  a  polarised  ray,  produced  by  a  solution  of  16-26  grms. 
of  crude  honey,  is  generally  from  -  3°-2  to  -  5°  at  15^-5  [Browii\. 

The  properties  of  dextrose  and  levulose  have  been  already 
described.  The  other  saccharine  constituent  of  honey — mannite, 
CgHj^^Og — crystallises  in  four-sided  prisms,  is  soluble  in  80  parts 
of  alcohol  of  specific  gravity  0-898,  and  in  1-400  parts  of  absolute 
alcohol ;  in  boiling  alcohol  it  is  moi-e  soluble,  but  in  ether  it  is 
quite  insoluble,  and  may  be  precipitated  from  alcoholic  solution 
by  ether.  It  has  no  action  on  polarised  light.  Its  melting  point 
is  from  160°  to  165°;  at  200°  it  boils,  and  may  be  distilled,  a 
portion  being  decomposed  ;  at  higher  temperatures  it  carbonises. 
It  does  not  reduce  cuprous  oxide.  All  these  properties  readily 
distinguish  it  from  the  other  sugars.  Chemically  speaking,  man- 
nite is  a  hexatomic  alcohol.  Mannite  may  be  separated  from 
honey  by  boiling  a  weighed  quantity  of  the  honey  with  alcohol, 
evaporating  down  the  alcoholic  extract  to  dryness,  and  boiling 
this  extract  with  absolute  alcohol,  concentrating  the  alcohol 
solution,  and  precipitating  with  ether.  It  is  also  probable  that 
mannite  might  be  separated  from  the  other  sugars  by  distillation 
in  a  vacuum,  but  the  author  has  not  proved  it  by  experiment. 
Finally,  it  is  possible  to  destroy  all  fermentable  sugars  by  fer- 
menting them  with  yeast.  This  done  in  the  ordinary  way  is 
tedious  and  imperfect ;  but  if  plenty  of  yeast  be  used,  and  the 
fermentation  be  allowed  to  go  on  in  a  vacuum,  the  alcohol  and 
carbon  dioxide  are  continually  removed,  and  the  process  is  not 
ouly  speedy,  but  complete.* 

Honey  is  a  substance  likely  to  be  much  adulterated.  The 
usual  list  'comprises  a  number  of  starch-holding  substances,  all 
of  them  easy  of  microscopical  detection  ;  but  the  most  common 

*  Sur  la  fermentation  alcoolique  rapide.  M.  J.  Boussingault,  Comptes 
Herjius,  t.  xci.,  373. 


§  77.]  TREACLE,  MOLASSES.  131 

adulteration  is,  without  doubt,  syrup  made  of  cheap  sugar.  There 
is,  indeed,  a  commercial  American  artificial  honey,  which  is 
entirely  composed  of  glucose  syrup,  while  the  comb  is  also  arti- 
ficial, and  made  of  paraffin.  The  appearance  of  both  comb  and 
syrup  is  said  to  be  superior  to  that  of  natural  honey.  In 
examining  honey  for  adultei-ation,  it  will  be  necessary  to  make 
a  quantitative  analysis  of  the  sugar  it  contains,  and  a  micro- 
scopical examination ;  if  neither  by  tlie  microscope  nor  by 
saccharimetry  any  marked  deviation  from  normal  honey  is  ob- 
served, a  fui'ther  analysis  will  scarcely  be  necessary.  If,  on  the 
contrary,  by  the  absence  of  grains  of  pollen,  by  the  presence  of 
a  large  percentage  of  cane  sugar,  or  by  any  other  deviation  from 
normal  honey,  a  fraud  is  suspected,  it  may  be  necessary  to  make 
a  very  complete  analysis.  With  regard  to  the  artificial  American 
honey,  the  presence  of  paraffin  in  the  comb  may  be  easily 
ascertained.  Pure  bees' -wax  melts  at  62°  to  65°.  Its  specific 
gravity  is  -962  ;  it  contains  cerotic  acid,  rayricine,  as  well  as 
ceroleine  ;  and,  like  other  fatty  matters,  it  is  attacked  and 
blackened  by  warm  sulphuric  acid.  Pai-affin,  on  the  contrary, 
remains  unacted  upon,  so  that  this  test  alone  will  suffice  either 
to  detect  paraffin  when  pure,  or  to  separate  it  from  other  matters, 
such  as  waxes  and  fats,  which  are  carbonised  by  sulphuric  acid. 


TREACLE,  MOLASSES. 

§  77.  Treacle,  molasses,  golden-syrup,  and  similar  terms,  ai-e 
used  to  denote  a  sweet  syrup  which  is  produced  in  the  manufacture 
of  sugar,  and  contains  a  mixture  of  sugar,  partly  cane  and  partly 
fruit  ;  but  the  cane  sugar,  owing  to  certain  salts  and  impurities, 
is  uncrystallisable.  The  composition  of  these  brown  syrups 
varies  according  to  the  manufacture  from  which  they  are  derived. 
The  cheapness  of  treacle,  (kc,  is  such  that  there  i.s  no  very  great 
temptation  to  adulteration,  and  no  conviction  under  tlie  Sale  of 
Food  and  Drugs  Act  has  hitherto  been  obtained  for  adulterated 
mola.sses  or  treacle.  The  probable  mode  of  adulterating  the 
treacles  would  be  by  diluting  with  water.  Cane-sugar  molasses 
is  alone  used  as  an  article  of  food,  beet-root  sugar  molasses  having 
an  unpleasant  taste. 

Some  analyses,  made  a  few  yeai-s  ago  hy  Dr.  Wallace,*  of 
molasses,  treacle,  and  golden-syrup,  are  as  follows  : — 


*  "The  Sugar  Cane."  18C9. 
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TABLE  IX. 


W.Indian 
MolasBes. 

Treacle. 

Golden 
Syrup. 

Beet  Sugar 
Molasses. 

Cane  sugar,  ..... 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

47-0 

32-5 

39  0 

46-7 

Fruit  sugar,  ..... 

20-4 

37-2 

33  0 

-6 

Extractive  and  colouring-matter,  . 

2-7 

3-5 

2-8 

15-8 

Salts,  ...... 

2-6 

3-4 

2-5 

13-2 

Water,  

27-3 

23-4 

227 

23-7 

100-00 

100  00 

100  00 

100-00 

Specific  gravity,  .... 

1-360 

1-430 

1-415 

1-405 

Tlie  ash  of  beec  molasses  has  the  following  composition  : — 


Per  cent. 

Potassic  chloride,  18-70 

Potassic  sulphate,        .       .       .       .       .       .  .4-18 

Potassic  carbonate,      .       .       .       .       .       .       .  oS'SO 

Sodic  carbonate,  20-81 

Calcic  carbonate,  ........  -35 

Magnesic  carbonate,     .......  "27 

Moisture  and  loss,  1  '89 


JAM. 

§  78.  Jam  consists  of  various  species  of  fruit  preserved  by 
boiling  in  stx'ong  syrup.  Most  jams  are  very  readily  adulterated, 
since  any  tasteless  vegetable  tissue,  such  as  vegetable  marrow, 
turnips,  &c.,  when  mixed  in  jam  cannot  be  readily  detected  by 
the  palate.  The  chemical  composition  of  the  various  jams  is 
simply  the  chemical  composition  of  the  fruit  juice  and  fruit 
itself,  with  the  loss  of  a  few  volatile  constituents  and  tlie 
addition  of  cane  sugar.  The  latter  may  be  in  part  inverted  by 
the  action  of  the  organic  acids  or  ferments  so  constantly  found  in 
fruit.  The  detection  of  adulterations  of  jam  is  mainly  micro- 
scopic; but,  at  the  same  time,  in  many  cases  a  careful  observation 
of  the  absorption-spectrum  will  assist  the  diagnosis.  In  order  to 
carry  out  this  successfully,  in  addition  to  the  precautions  before 
described,  it  will  be  safest  in  all  cases  to  use  comparison  liquids; 
and  those  who  devote  themselves  to  this  study,  should  liave  at 
hand  a  variety  of  genuine  jams  of  different  ages.  The  mean 
composition  of  tlie  more  common  kinds  of  fruits  is  detailed  in 
the  following  table  [Koniff^  : — 
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TABLE  X.  — 100  PARTS  OF  THE  SEED  FRUIT. 


c 

^  . 

0  <13 

01  a 

)  acid. 

bo 

.her 

rogenous 
tters. 

fibre,  &c. 

c» 

& 

Nitro 
subsl 

<u 

W 

Ot 

non-nit 
ma 

Woody 

Apple, 

83  58 

0-39 

0-84 

7  73 

517 

1-98 



0*31 

Pear, 

OO  .AO 

0-36 

0-20 

o  .rtp 

0  zo 

3-54 

4 -.30 

0'31 

Plum, 

O  1  (1  Q 

0-78 

0-85 

o  15 

4-92 

5-41 

Ou  1 

Prune, 

0-40 

1-50 

O  .Kl? 
O  OO 

4-68 

4-34 

0  00 

Peaches, 

Of\  .AO 

oU  Uo 

0-65 

0-92 

A  tA  O 

4  4a 

717 

6  06 

0  by 

A])ricots,  . 

ol  zz 

0-49 

1-16 

A  .tin 

4  by 

6-35 

5-27 

0 

Cherries, 

OA  .O/? 

OU  ZD 

0-62 

0-91 

10  24 

1-17 

6  07 

0/3 

Grapes, 
Strawberry, 

^o  tin 

78  17 

0-59 

0-79 

24 '36 

1-96 

3-60 

0-53 

87-66 

1-07 

0  93 

0-28 

0-48 

2-32 

0-81 

86 '2 1 

0-53 

1-38 

3-95 

1-54 

5-90 

0-49 

Bilberry,  . 

78-36 

0-78 

1-66 

5-02 

0-87 

12-29 

1-02 

Blackberry, 

86-41 

0-51 

1-19 

4-44 

1-76 

5-21 

0-48 

Mulberry,  . 

84-71 

0-36 

1-86 

9-19 

2-31 

0-91 

0-66 

Gooseberry, 

85-74 

0-47 

1-42 

7-03 

140 

3-52 

0-42 

Currant, 

84-77 

0-51 

2-15 

6-38 

0-90 

4-57 

0-72 

Bnef  Notes  of  the  Microscopical  Structure  of  Certain  Fruits. 

§  79.  Apples  and  Pears.- — Both  apples  and  pears  contain, 
numerous  dotted  ducts  and  spiral  vessels.  There  is  no  very 
distinctive  peculiarity  about  these  ducts,  but  in  the  core  will  be 
found  a  strong  horny  membrane  with  spiculated  cells,  crossing 
one  another  at  right  angles,  foi-ming  altogether  a  very  singular 
tissue,  and  one  which,  once  seen,  can  always  be  recognised. 

Damson. — The  skin  of  the  damson  is  composed  of  at  least  two 
distinct  species  of  cells  underlying  the  transparent  epidermis. 
One  kind  is  a  double  row  of  reddish-purple  oblong  or  oval  cells, 
liaving,  when  seen  in  section,  an  average  length  of  -00232  inch, 
and  an  average  breadth  of  about  -000928  inch ;  seen  from  above 
(as  in  tearing  off  a  shred  of  the  tissue)  they  form  a  beautiful  five- 
and  six-sided  mosaic  pattern,  the  size  of  the  cells  being  from 
about  -000928  to  -00116  inch.  The  blue  cells  are  very  similar 
in  shape  and  size  to  the  reddish -purple  ;  below  the  blue  there 
are  some  loose  cells  containing  chlorophyll.  Hence  the  beautiful 
colour  of  the  damson  is  the  combined  effect  of  the  blue,  the  red, 
and  the  green  shining  through  the  transparent  epidermis.  The 
pulp  contains  the  usual  large  colourless  globes  or  cells,  of  -0116 
inch  average  diameter  {b,  fig.  15).    Spiral  vessels  are  numerous; 
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stomata  are  occasionally  to  be  seen 
h 


Fig.  15. — a,  Epidermis 
pulp  cells,  X  115. 


of  damson  :  h. 


on  the  surface  of  the  dark- 
coloured  epidermis.  The 
breadth  or  thickness  of  the 
skin  is  -00814  inch.  By  the 
use  of  bleaching  powder,  a 
small  portion  of  theskin  may 
be'  deprived  of  its  colour, 
either  partially  or  wholly, 
according  to  the  judgment 
of  the  operator,  and  then 
will  be  seen  a  mapping  out 
of  the  whole  surface  into 
lobes  by  cells  so  placed  that 
they  form  a  network. 


Plum. — There  are  at  least  three  distinct  structures  to  be  seen 
in  the  boiled  and  preserved  plum  : — 1.  The  epidermis,  consisting 
for  the  most  part  of  a  pavement-like  layer  of  little  square  or 
irregulai'ly  oblong  cells,  tilled  with  a  granular  matter  (e,  fig.  16), 
the  size  of  the  cells  averaging  from  about  -000696  to  -00116  inch  ; 
the  general  distribution  of  these  cells  is  somewhat  circular. 
Scattered  tolerably  uniformly  are  patches  of  a  deeper  colour  with 
larger  cells,  the  patches  being  irregularly  cii'cular,  and  the  centre 
of  the  patch  an  empty  space,  which  possibly  is  a  much  deformed 
stoma.  The  pulp  consists  of  the  very  common  large  globular 
cells  (a,  fig.  16),  of  about  -12  to  -14  inch  diameter,  almost  per- 
fectly transparent,  with  a  shrivelled  mass  within.  Lastly,  there 
are  some  beautiful  masses  of  compound  cells,  varying  in  size  from 
-016  to  -48  inch  (6,  b,  fig.  16),  the  length  usually  being  from  one 

and  a  half  to  thi-ee 
times  the  breadth. 
These  compounds  are 
either  prismatic  in 
shape  or  oval,  while 
a  few  resemble  long 
tubes.  The  number  of 
cells  thus  bound  to- 
gether is  very  vari- 
able, since  from  seven 
up  to  twenty-seven 
may  be  counted  on 
one  side.  The  little 
cellular  members  of 
the  composite  are 
five-sided  cells  of  an 
average  length  of  -06 
inch. 


Fig.  16.— Structures  found  in  the  phim,  x  115. 
a.  Pulp  cells;  h,  b,  compound  cells  j  c,  a  portion  of 


ej)idermis. 
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Oranges — Lemons  ;  Marmalade. — Marmalade  is  made  by  pre- 
serving sliced  up  oranges  or  lemons,  or  both  combined,  in  a 
strong  syrup.  Orange  marmalade  is  properly  made  from  Seville 
oranges  only,  lemon  marmalade  from  lemons  only.  It  is  not 
practicable  to  distinguish  by  the  microscopic  structure  alone 
whether  the  substance  is  orange  or  lemon,  or  to  what  species 
the  orange  or  the  lemon  belongs.  It  is,  however,  most  easy  in 
marmalades  to  recognise  substances  foreign  to  marmalade, 
because  the  structure  of  the  vegetable  tissues  used  is  very 
distinctive.  Good  marmalade  is  wholly  composed  of  fine  sections 
of  the  fruit :  on  selecting  the  thinnest  of  these  sections,  or  (what 
amounts  to  the  same  thing)  cutting  and  preparing  a  section, 
there  will  be  three  structures  to  notice.  It  will  be  observed  that 
the  colour  layer  is  very  thin,  and  composed  of  layers  of  yellow 
cells  («,  fig.  17),  many  tilled  with  oil,  and  here  and  there  large 
cavities,  covered  with  a  thin  transparent  epidermal  layer. 
The  size  of  the  cells  is  small,  about 
•000147  inch  in  diameter.  Beneath  the 
yellow  layer  there  is  a  deep  layer  of 
coloiirless  cells,  traversed  by  a  network 
of  bundles  of  vessels,  each  bundle  con- 
sisting of  a  dozen  or  more  spii-al  vessels, 
of  small  diameter,  in  the  midst  of  the 
ordinary  elongated  fibre-like  cells.  In 
this  layer  are  large  cavities,  "0415  inch 
diameter  or  more,  and  around  these 
cavities  the  cells  are  applied  in  concen- 
tric layers.  The  pulp  of  the  orange  pre- 
sents a  number  of  soft  and  thin-walled 
cells  without  any  very  distinctive  pecu- 
liarity. Large  spirals,  large  oval  cells 
and  structures,  dissimilar  to  the  above, 
will  be  suspicious  signs,  and  will  denote  adulteration. 

The  Strawberry  may  be  readily  distinguished  under  the  micro- 
.scope  by  the  great  number  of  very  small  seeds  which  are  scattered 
on  the  exterior  of  the  fruit.  These  seeds  are  pyriform  and  very 
regular  in  size,  being  about  -038  inch  wide  at  the  broadest  end, 
and  -07  inch  in  length.  The  coat  of  the  seed  is  almost  smooth  ; 
under  a  high  magnifying  power  it  may,  however,  be  seen  to  be 
slightly  tuberculated.  Each  seed  is  attached  to  the  central  part 
of  the  fruit  by  means  of  a  vascular  bundle  formed  of  delicate 
fibres  and  spiral  vessels;  and  the  consequence  of  this  structure 
is,  that  the  strawberry  is  full  of  spiral  vessels,  all  of  minute  size 
and  very  transparent.  The  cells  seen  when  jam  is  examined  are, 
for  the  most  part,  collapsed  and  shrivelled ;  those  that  are  not  so 


Fig.  17.— Section  of  rind 
of  orange,  x  20.  a,  Layer 
of  yellow  cells  ;  h,  inner 
white  cortex,  showing  a 
cavity  and  vascular  twigs. 
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are  large  oval  or  pyriform  cells,  often  containing  shrivelled  cell 
contents.  Common  measurements  of  these  cells  are  -008  inch 
small  diameter,  -0176  inch  long  diameter  for  the  oval  cells,  and 
for  the  pyriform  '0136  inch  broad  end,  -0184  long  diameter. 

The  Raspberry  has  its  seeds  reticu- 
lated, and  in  most  jams  the  form  of  the 
fruit  is  preserved  quite  sufficiently  for 
recognition. 

The  Gooseberry  has  an  epidermis  in 
which  can  be  seen  a  mosaic  pavement 
of  cells,  and  the  fruit  also  possesses 
clavate  hairs. 

The  Blackberry — the  seeds  are  reticii- 
lated,  and  the  cuticle  covered  with 
stellate  hairs. 

Currants. — Both  the  black  and  the 
red  currant  are  similar  in  structure  : 
the  epidermis  is  covered  with  an  ex- 
ig.  IS.— a.  Pulp  cells  of  cessively  thin  membrane,  showing  sinu- 
strawberry,  X 115 :  6,  straw-  '  ,  °.  ■, 

berry  seed  x  20  wavy  divisions,  and  set  witli  simple 

hairs.    Beneath  the  outer  membrane  are 
the  colour  layers,  consisting  of  little  square  masses  with  rounded 

angles  about  -00029  to  -00039 
inch  diameter  {a,  fig.  19).  The 
pulp  is  made  up  of  thin-walled 
cells,  and,  lastly,  here  and  there 
may  be  found  peculiar  compound 
bodies,  h,  attached  to  the  inner 
layer  of  the  epidermis.  These 
are  about  -0058  inch  in  length  and 
-0015  inch  in  breadth,  and  are 
formed  of  a  number  of  oblong  cells. 
So  far  as  known,  these  bodies  are 


Fig.  19. — a,  A  shred  of  epider- 
mis, showing  the  sinuous  markings 
in  one  portion,  and  the  under  layer 
of  cells  in  another ;  h,  the  com-  found  only  in  the  currant. 
2)ound  bodies,  x  115. 
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§  80.  It  is  convenient  to  consider  the  starches  together,  more 
especially  as,  however  varied  in  form,  the  chemical  composition 
of  all  starch  is  very  similar,  if  not  identical. 

Every  starch  corpuscle  is  composed  of  at  least  two  probably 
isomeric  bodies,  the  one  " granulose"  soluble  in  saliva,  and 
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coloured  blue  by  iodine ;  the  other  coloured  by  iodine  pale 
yellow,  and  only  becoming  blue  after  the  addition  of  sulphuric 
acid  ;  it  is  fully  soluble  in  ammoniacal  oxide  of  copper,  and 
ajjpears  to  agree  very  closely  with  the  characters  of  cellulose. 

These  two  substances  may  be  most  readily  separated  by 
diluted  chromic  acid,  which  dissolves  granulosa  very  easily, 
whilst  cellulose  remains  vinaltered.  All  starch  is  very  hygro- 
scopic :  wheat  starch,  dried  in  a  vacuvim,  still  contains  11  per 
cent,  of  water,  and  air-dried  from  16  to  28  jjer  cent,  of  water. 
Starch  is  insohible  in  cold  water  or  spirit.  Some  chemists, 
indeed,  assert  that  if  finely  powdered  in  agate  mortars,  or  with 
quartz  sand,  a  small  portion  dissolves ;  others  contend  that  this 
is  no  true  solution,  but  the  starchy  matter  in  a  state  of  most 
minute  division.  If  warmed  with  water,  the  starch  granules 
swell,  and  when  heated  ujd  to  100^  most  starches  form  a  semi- 
solution  in  water.  True  compounds  of  starch  with  bases  are 
scarcely  established.  Lime  and  baryta  appear  to  form  weak 
unions,  and  the  intense  colour  produced  by  iodine,  as  well  as 
bromine,  seems  to  point  to  the  formation  of  haloid  combina- 
tions. Fritsche,  indeed,  states  that  he  has  isolated  the  iodide 
and  the  bromide  of  starch,  the  former  containing  ten  equivalents 
of  starch  and  one  of  iodine. 

Starch  heated  in  closed  tubes  \\])  to  100°C.  changes  gradually 
into  soluble  starch.  If  the  temperature  is  raised  up  to  160"  or 
200°C.,  it  forms  a  transparent  mass,  consisting  wholly  of  dextrine. 
At  22U°  to  280°  still  further  change  is  produced,  and  the  result 
is  pyrodexlrine,  a  substance  easily  soluble  in  water  (but  insoluble 
in  absolute  alcohol  and  ether),  and  with  the  composition  of 
C^gRggO-jgHO.  At  still  higher  temperatures  there  is  carbonisa- 
tion, and  the  formation  of  pi'oducts  similar  to  those  caused  by 
the  decomposition  of  sugai*. 

Starch  is  easily  changed  into  sugar  by  the  action  of  dilute 
mineral  acids,  as  well  as  by  oxalic  acid,  aqueous  chloride  of  zinc, 
and  by  certain  ferments — diastase,  saliva,  yeast,  ttc. 

The  estimation  of  starch  in  organic  bodies  generally  is  best 
carried  out  as  follows  : — The  powdered  and  di-ied  substance  is 
heated  in  a  5  per  cent,  solution  of  caustic  potash  in  absolute 
alcohol,  in  a  closed  tube,  in  the  water-bath  for  twenty-four  hours, 
and  filtered  while  hot.  The  residue  is  washed  first  with  absolute 
alcohol,  and  then  with  ordinary  alcohol,  dried,  and  heated  with 
a  .solution  of  2  per  cent,  hydrochloric  acid,  in  a  fiask  fitted  to  a 
vertical  condenser,  until  a  blue  colour  is  no  longer  produced 
by  iodine.  (See  also  p.  113.)  The  sugar  is  then  estimated  in  the 
ordinary  way. 
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Microscopical  Identification  of  Starches. 

The  successful  microscopical  examination  of  starches  requires 
practical  study,  and  those  who  desire  to  identify  them  must  use 
all  drawings  and  descriptions  as  guides  merely.  It  is  not  easy 
to  preserve  starches  mounted  as  microscopical  objects,*  and  tlie 
analyst  is  therefore  recommended  to  fit  up  a  little  case,  in  small, 
wide  specimen-tubes,  so  that  he  can  have  at  hand  a  sample 
of  every  kind  of  starch  possible  to  be  obtained.  These  samples 
should  be  arranged  in  the  five  following  classes,  partly  based  on 
Dr.  Muter'sf  classification. 

A  high  magnifying  power  is  not  required,  save  for  the  very 
minute  starches,  such  as  rice  and  pepper.  For  ordinary  work  a 
magnifying  power  of  250  diameters  is  ample.  Di'.  Muter's  classi- 
fication of  starches  was  founded  on  observations  with  a  B 
micrometer  eyepiece  and  a  y^-inch  power. 

It  is  also  useful  to  observe  the  various  samples  of  starch,  and 
make  tables  of  their  dimensions.  The  proper  way  to  do  this  is 
to  put  the  smallest  possible  quantity  of  the  well-mixed  starch  on 
a  glass  slide,  add  a  droplet  of  distilled  water,  cover  with  a  thin 
glass,  take  the  exact  size  of  all  the  starches  in  the  field,  enu- 
merate them,  and  work  them  out  into  percentages  for  future 
reference. 

The  illumination  of  starches  is  to  be  particularly  attended  to. 
The  light  must  strike  obliquely  through  the  granules,  in  order 
to  observe  the  rings,  which  are  by  no  means  so  easily  seen  as 
diagrams  would  indicate. 

Polarised  light  is  also  useful,  especially  in  the  diagnosis  of 
certain  starches.  Thus,  the  polarised  starch  of  wheat,  when 
examined  in  water,  exhibits  a  dull  cross ;  that  of  jalap,  in 
shape  and  size  like  wheat,  polarises  brightly.  Polarised  light,  in 
conjunction  with  a  selenite  plate,  will  also  be  found  of  great 
service.  Red  and  green  selenites  are  best,  and  give  a  beautiful 
play  of  colours  with  the  arrow-i'oots  and  potato  starch ;  while 
the  starches  of  wheat,  barley,  rice,  and  oats,  scarcely  show  any 
colour.  The  whole  of  the  starches  of  the  Leguminosse  are,  so  far 
as  they  have  been  hitherto  examined,  likewise  destitute  of  this 
power  of  brilliant  colouration.  A  -^-inch  object-glass,  with  an 
A  eyepiece,  will  be  found  better  adapted  for  this  method  of 
research  than  higher  powers. 

If  adulteration  in  any  case  has  been  made  out,  approximative 
quantitative  results  may  be  obtained  by  making  a  standard 

*  According  to  Muter,  a  mounting  medium  of  1  part  of  glycerine  to  2  of 
water  preserves  the  characters  of  starch  longest, 
t  "  Organic  Materia  Medica."    London,  1S78. 
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mixture  of  the  genuine  starch  with  the  adulterant  found,  and 
then  counting  the  individual  grains  in  the  microscopic  field. 
Thus,  for  example,  supposing  oatmeal  to  be  found  adulterated 
with  barley-starch,  and  from  a  preliminary  examination  the 
mixture  is  thought  to  be  40  per  cent.,  we  proceed  as  follows  : — 

Pure  barley-meal  and  oatmeal  are  carefully  dried  at  100°C.  and 
mixed  so  that  the  mixture  is  exactly  40  per  cent.  A  few  grains 
of  this  powder  are  now  rubbed  up  with  glycei-ine  and  alcohol 
into  a  smooth  paste,  which  is  then  further  diluted  to  a  certain 
bulk,  a  drop  taken  out  with  a  glass  rod,  and  covered  with  a 
glass,  which  is  gently  pressed  down.  The  number  of  grains  of 
barley  and  oat  starch  ai'e  now  counted,  and  their  relative  pro- 
portion noted,  and  an  exactly  similar  process  is  applied  to  the 
oatmeal  in  question.*  If  proper  care  be  taken  to  repeat  the 
experiments,  the  result  is  a  near  approximation  to  the  truth.  If 
photographs  are  taken  of  these  mixtures,  they  are  always  at  hand 
for  reference,  and  much  time  is  saved. 

DIVISION  I. — Starches  showing  a  Play  of  Colours  with 
Polarised  Light  and  a  Selenite  Plate. 

Class  I. — TJie  hilum  and  concentric  rings  clearly  visible,  all  the 
starches  oval  or  ovate.  The  group  includes  tous  les  mois,  potato, 
arrovj-root,  calumba,  orris-root,  ginger,  galangal,  and  turmeric. 

Tous  les  mois,  or  Canna  arrow-root,  is  furnished  by  the  Canna 
edulis,  nat.  order  Marantacece.  The  granules  vary  in  diameter 
from  -0469  to  -132  mm.  [-0018  to  -0052  inch].  They  present 
themselves  under  several  forms,  the  smaller  being  granular  or 
ovoid,  the  larger  pyriform,  whilst  the  largest  granules  are  flat, 
oval,  and  pointed  at  their  extremities.  The  hilum  is  annular, 
eccentric;  the  rings  are  incomplete,  extremely  fine,  narrow,  and 
regular.  The  starch  dissolves  easily  in  boiling  water ;  solution 
of  potash  causes  the  granules  to  swell  rapidly,  and  gives  to  the 
hilum  and  lines  remarkable  clearness. 

Tous  les  mois  can  only  be  confused  with  the  potato  ;  the  size 
is  the  chief  distinction.  The  granules  burst  in  water  at  72°., 
and  they  give  a  more  regular  cross  when  examined  by  polarised 
light  than  those  of  the  potato. 

Curcuma  arrow-root,  wliich  is  also  called  East  Indian  (though 
the  arrow-root  ordinarily  sold  as  East  Indian  is  a  Maranta),  is 
furnished  by  the  Curcuma  arujusti/olia.    The  granules  .are  elon- 


*See  a  i)aper  by  E.  L.  Cleaver,  F.C'.S.,  Analyst,  January  31,  1877. 
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gated  triangular,  or  irregularly  oval,  flattened,  and  almost  trans- 
parent. The  normal  measurement  varies  from  -0304  to  -0609  mm. 
[•0012  to  -00238  inch].  The  hilum  is  eccentric,  not  very  distinct; 
the  concenti'ic  rings  are  clearly  visible,  and  form  segments  of  a 
circle.  The  application  of  heat  or  a  solution  of  potash  deforms 
the  grains  in  a  very  irregular  manner ;  they  begin  to  swell 
about  72°. 

Maranta  arrow-root,  syn.  Jamaica,  St.  Vincent,  is  derived 
from  Maranta  arundinaceoi.  The  granules  are  somewhat  ovoid 
flattened,  and  tending  to  a  triangular  shape  in  the  larger,  but 
the  smaller  may  be  circular.  The  concentric  layers  are  always 
visible  and  numerous,  but  not  very  marked.  Nucleus  is  central, 
or  about  1  eccentric — in  some  circular,  in  others  linear  ;  from 
the  nucleus  a  little  slit,  filled  with  air,  often  goes  to  the  edge. 
Length  of  granule  0*010  to  0*070  mm.,  average  0'036  mm. 
[=  -00138  inch].  Tumefaction  in  water  begins  at  76°.  The 
specific  gravity  of  the  stai'ch  taken  in  petroleum  or  benzole  is 
1-504  ;  if  dried  at  100°,  1-565. 

Natal  arrow-root  is  probably  the  produce  of  Maranta  arun- 
dinaceoi, the  same  plant  from  which  Maranta  itself  is  derived, 
but  growing  in  a  diff'erent  climate.  The  majority  of  the  granules 
are  broadly  ovate,  but  some  are  occasionally  circular.  The 
dimensions  are  from  -0327  to  -0375  mm.  [-00129  to  -00148  inch]. 
The  eccentricity  of  the  hilum  ranges  between  Jy  and  ^.  The 
laminae  appear  under  water  with  special  clearness,  and  on  this 
account  granules  of  Natal  arrow-root  have  been  frequently  mis- 
taken for  those  of  the  potato. 

Potato  starch,  syn.  Potato  arroto-root. — The  starch  derived  from 
the  potato  {Solanum  tuberosum).  The  granules  vary  gi-eatly  in 
shape  and  size,  some  being  small  and  circular,  others  large,  ovate, 
and  oyster-shaped.  The  hilum  is  annular,  and  the  concentric 
rings  incomplete.  In  the  larger  granules  the  rings  are  numerous 
and  distinct.  The  normal  dimensions  are  -06  to  -10  mm.  [-0024 
to  -0039  inch].  The  eccentricity  averages  ^.  The  granules  float 
on  chloroform. 

Potato  starch  is  frequently  used  as  an  adulterant  of  the  aiTOW- 
roots.  The  most  reliable  method  of  examination  is  careful 
microscopic  observation,  but  there  is  also  a  different  behaviour 
with  regard  to  reagents,  viz. : — 

(1.)  Maranta  arrow-root,  mixed  with  twice  its  weight  of 
hydrochloric  acid,  produces  a  white  opaque  paste,  whereas  potato 
starch  treated  similarly  produces  a  paste  transparent  and  jelly-like. 

(2.)  Potato  starch  evolves  a  disagreeable  and  peculiar  odour 
when  boiled  with  dilute  sulphuric  acid,  which  is  not  the  case 
with  arrow-root. 
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(3.)  An  acrid  oil  may  be  extracted  from  the  starch  of  the 
potato,  but  not  from  that  of  the  Maranta. 

Ginger. — The  granules  are  variable  in  shape,  but  characteristic. 
The  iisual  form  may  be  described  as  shortly  conical  with  rounded 
angles  ;  the  hilum  and  rings  are  veiy  faint.  Measurement  about 
■0376  mm.  [=  -00148  inch]. 

The  remaining  starches  belonging  to  this  group  are  distin- 
guished as  follows  : — 

Galangal  granules,  skittle-shaped,  with  faint  incomplete  rings, 
an  elongated  hilum,  with  a  normal  measurement  of  •0342  mm. 
[•00135  inch]. 

Galumba. — The  starch  granules  of  Calumba  are  variable  in 
form,  most  of  them  are  pear-shaped.  They  have  a  semilunar 
liilum,  and  faint  complete  rings.  The  measurement  is  about 
•0469  mm.  [•00185  inch]. 

Orris-root. — The  starch  granules  are  of  a  characteristic,  elon- 
gated, oblong  sha23e,  with  a  faint  hilum.  Measurement  '028  mm. 
[•00092  inch]. 

Turmeric  has  oval,  oblong,  conical  granules,  with  the  rings 
well  marked  and  incomplete.  Normal  measurement  •0376  mm. 
[•00148  inch]. 

DIVISION    II. — Starches    showing    no    Iridescence,  or 

SCARCELY  ANY,  WHEN  EXAMINED  BY  POLARISED  LiGHT 
AND  SeLENITES. 

Class  II. — The  concentric  rings  all  hnt  invisible  ;  hilum  stellate. 
To  this  group  belong  the  starc/tes  of  the  bean,  pea,  maize,  lentil, 
dari,  and  nutmeg. 

The  nucleus  of  the  Leguminosfe  is  seen  usually  as  a  long,  more 
or  less  stellate,  air-filled  black  hollow.  The  concentric  layers  are 
recognisable  if  the  starch  is  treated  with  chromic  acid. 

The  starch  from  the  bean,  j)ea,  and  lentil  are  in  shape  oval, 
oblong,  and  almost  identical ;  but  the  bean  and  pea  have  both  a 
.stellate  hilum,  whilst  that  of  the  lentil  is  a  long  depression. 
The  granules  of  the  bean  are  faii-ly  uniform  in  size,  averaging 
•0343  mm.  [^00135  inch]  ;  those  of  the  pea,  on  the  other  hand, 
are  very  variable  in  size,  ranging  from  -0282  to  "0177  mm. 
[•00111  to  -0007  inch],  the  smaller  size  predominating.  The 
lentil  granules  average  -0282  mm.  [•OOlll  inch].  Tho  granules 
of  the  nvZmeg  are  of  small  size  and  of  characteristic  shape. 
Measurement  about  •OH  mm.  [•000.55  inch].  The  starch  from 
the  dari  is  in  small  elongated  hexagons;  average  size  ^0188  mm. 
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[•00074  inch].  The  starch  from  maize  vai'ies  in  shape  from  round 
to  polyhedral;  the  granules  are  the  same  size  as  those  of  the  dari; 
the  distinguishing  mark  is  the  rounded  angles  of  the  polygonal 
gi-anules. 

Class  III. — Starches  having  both  the  concentric  rings  and  hilu/n 
invisible  in  the  majority  of  granules.  This  important  class 
includes  wJieat,  barley,  rye,  chestnut,  acorn,  and  a  variety  of 
starches  derived  from  medicinal  plants,  such  as  jalap,  rhubarb, 
senega,  d-c,  &c. 

Wheat  starch  is  extremely  variable  in  size,  being  from  -0022 
to  "052  mm.  [-00009  to  -0019  inch].  The  granules  are  circular,  or 
nearly  so,  and  flattened.  Polarised  light  shows  a  cross,  but  in 
water  the  effect  is  not  great. 

Barley. — The  granules  of  barley  are  of  fairly  uniform  size — viz., 
•0185  mm.  [-00073  inch],  but  a  few  measui-e  -07  mm.  The  shape 
of  the  starch  is  that  of  slightly  angular  circles. 

Rye. — Rve  starch  is  similar  in  shape  to  barley  starch.  The 
measurements  are  from  -0022  to  -0375  mm.  [-00009  to  -00148 
inch].  The  small  granules  are  perfectly  round,  and  here  and 
there  cracked. 

Chestnut. — The  starch  gi'ains  vary  much  in  form;  they  are 
round  or  elliptical,  or  three-  or  four-angled,  with  the  angles 
rounded.  In  the  place  of  a  nucleus  there  is  almost  always  a 
central  hollow  filled  with  air.  The  size  is  small  and  regular, 
being  from  -0022  to  -022  mm.  [-00009  to  -0009  inch],  and  this 
regularity  of  size  is  the  chief  means  of  distinction. 

Acorn. — The  starch  granviles  of  the  acorn  are  almost  round,  or 
round-oval.  A  nucleus  may  be  made  out  after  treatment  with 
chromic  acid  ;  eccentricity  \.  Normal  measurement  -0188  mm. 
[-00074  inch]. 

Class  IV. — All  the  gramdes  truncated  at  one  end.  This  class 
includes  sago,  tapioca,  and  arum,  besides  several  drugs — viz. ,  the 
starches  from  belladonna,  colchicum,  scammony,  podophyllum, 
canella,  aconite,  cassia,  and  cinnamon. 

Sago. — A  starch  obtained  from  the  pith  of  certain  species  of 
palms,  especially  Sagus  levis,  and  S.  Rumphii.  It  exists  in  com- 
merce as  7-aM;  and  &?,prep>aredBa,go;  both  have  oval-ovate  granules, 
the  normal  measurements  of  which  are  from  -0282  to  -0660  mm. 
[-00111  to  -0026  inch].  There  is  a  cii'cular  hilum  at  the  convex 
end  of  the  raw  sago  granules,  and  rings  are  fiiiutly  visible  ;  but 
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stai'cli  gi'anules  from  prepared  sago  have  a  large  oval  or  circular 
depression,  covering  nearly  one-third  of  each  granule. 

Tapioca  is  a  starch  furnished  by  the  Manihot  utilissima,  which 
is  more  or  less  altered  by  heat,  having  been  dried  on  hot  plates. 
This  causes  some  of  the  granules  to  swell,  and  thus  renders  indis- 
tinct in  some  cases  the  original  structure.  The  starch  is  in  groups 
of  two  to  eight,  or  in  isolated  granules.  When  resting  on  its  flat 
.surface,  the  granule  shows  a  little  circle,  and  round  this  is  a  broad 
flat  zone;  but  if  resting  on  its  curved  surface,  the  granule  shows 
contours  varying  from  a  kettle-drum  to  a  sugar-loaf  shape ;  and 
it  can  then  be  recognised  that  the  nucleus  does  not  lie  in  the 
centre,  but  in  the  axis  of  the  granule,  and  always  nearer  to  the 
curved  than  to  the  flat  surface.  A  conical  hollow  exists  under 
the  nucleus,  filled  with  a  substance  slightly  refracting  light. 
The  normal  measurement  is  from  -0140  to  -01879  mm.  [-00050 
to  -00074  inch]. 

Arum  starch,  sometimes  called  arum  arrowroot,  has  somewhat 
.smaller  grains  than  tapioca;  they  are  truncated  by  two  facets; 
the  hilum  is  eccentric.  The  normal  measurement  is  about 
•014  mm.  [-00056  inch]. 

Class  V. — In  this  class  all  the  granules  are  angular  in  form;  it 
includes  oats,  tacca,  rice,  and  pepper,  as  well  as  ipecacuanlia 
starch. 

Oat  starch  or  meal. — The  starch  of  the  oat  is  mostly  polyhedral, 
being  irregularly  from  three-  to  six-sided — -0044  to  -03  mm. 
[-00017  to  -00118  inch].  The  principal  starch  with  which  it  has 
been  found  adulterated  is  barley  ;  but  great  caution  must  be 
used,  for  oatmeal  contains  little  round  masses  extremely  similar 
to  barley. 

Tacca  arrow-root,  also  called  Tahiti  arrow-root,  is  exti-acted  from 
tlie  Tacca  Oceanica  and  pinnatifida.  The  granules,  wlieu  viewed 
sideways,  are  muUer-shaped,  with  truncate  or  dihedral  bases; 
when  seen  endways  they  appear  circular,  occasionally  angular  or 
|)olyhedral ;  sometimes  a  sort  of  contraction  gives  them  a  sub- 
pyriform  appearance.  The  hilum  is  well  developed,  often  starred. 
The  normal  measui-ement  is  from  -0094  to  -0190  mm.  [-00037  to 
•00075  inch].  It  may  be  confused  witli  maize  starch,  but  tacca 
ha.s  sharp  angles  ;  maize,  rounded. 

Rice  starch. — Each  individual  grain  is  polygonal,  mostly  fivc- 
nr  six-sided,  here  and  there  three-sided.  If  a  high  magnifying 
|)Ower,  such  as  1  or  be  used,  a  starred  hilum  may  be  seen. 
'I'lie  normal  measurement  is  from  -0050  to  -0070  mm.  [-0002  to 
■0003  inch]. 


144  foods:  their  composition  and  analysis.         [§  81. 

Teppar. — The  starch  of  pepper  is  in  small  polygonal  granules, 
each  of  which,  with  a  high  magnifying  power,  is  seen  to  possess 
a  hilum.  The  normal  measurement  is  from  "0050  to  -0005  mm. 
[•0002  to  -00002  inch]. 

§  81.  Vogel  has  given  the  following  table  to  assist  in  the 
diagnosis  of  different  starches  : — 

A.  Granules,  Single  throughout,  bounded  by  Rounded  Surfaces. 
I.  Nucleus  central,  layers  concentric. 

(«.)  For  the  most  part  round,  at  the  side  lens-shaped. 

Nucleus  round  or  a  radiating  slit. 

(1.)  Large  granules,  00396  to  0-0528  mm.  [-0015  to  '002  inch]— RYE 
STARCH. 

(2.)  Large  granules,  -0352  to  -0396  mm.  [0013  to  -0015  inch] -WHEAT 
STARCH. 

(3.)  Large  granules,  •0264  mm.  [  001  inch]— BARLEY  STARCH. 

(6.)  Egg-shaped,  kidney-shaped,  mostly  a  long,  often  a  ragged  slit ;  diameter 
of  starch,  032  to  -079  mm.  [  0012  to  003  inch]-LEGUMINOUS 
STARCHES. 

n.  Nucleus  eccentric,  rings  markedly  eccentric  or  meniscus-shaped, 
(a.)  Granule  not  flattened,  or  only  slightly. 

(1.)  Nucleus  mostly  at  the  smaller  end,  ^06  to  -10  mm.  [-0023  to  '0039  inch] 
—POTATO  STARCH. 

(2.)  Nucleus  mostly  at  the  broad  end  or  towaids  the  middle,  ^022  to  •OCO 
mm.  [0008  to  "0023  inch]— MARANTA  STARCH,  (W.  India 
arrow-root). 

(6.)  Granule  more  or  less  markedly  flattened. 

(1.)  Many  of  the  granules  drawn  out  more  or  less  at  one  end  into  a  short 
point  near  the  nucleus  ;  at  the  most,  '060  long  [•00^23  inch]  — 
CURCUMA  ;  at  the  most  -132  mm.  [  0041  inch]— CAN NA. 

(2. )  Many  lengthened  into  a  disc,  bean,  or  club-shaped  form ;  nucleus  near  the 
broader  end,  "044  to  •OTo  mm.  long  ['0017  to  -0029] -BAN  AN  A 
STARCH. 

(3.)  Many  markedly  kidney-shaped;  nucleus  near  the  edge— SOUTH 
AMERICAN  ARROW- ROOT  (Si/sirinchium  galaxoidea). 

(4. )  Egg-shaped,  one  end  'thinning  into  a  wedge  form,  placed  one  against 
the  other,  nucleus  at  the  smaller  end.  '05  to  ^07  mm.  [-0019  to  '0027 
inch]— YAM  STARCH. 

B.  Starch  Granulhs,  Single  or  Compound.    Single  Starchf.s  with 

Eelation  to  the  Little  Gran  ules  they  are  made  up  of.  Bounded 
by  even,  many-angled  surfaces,  or  partly  by  rounded  surfaces. 
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I.  Granules  throughout  many-angled. 

(1.)  With  an  evident  nucleus,  largest  -0066  mm.  [-00025  inch]— RICE. 

(2.)  Without  a  nucleus,  the  largest  -0088  mm.  [-00034  inch]— Ml LLET 
STARCH. 

II.  Among  many  angular  forms  also  some  rounded. 

(A.)  No  drum-shaped  starches  present,  angular  forms  predominating. 

(1.)  Without  a  nucleus,  very  small,  •0044  mm.  [-00016  inch]— OAT  STARCH. 

(2.)  With  a  nucleus,  -0132  to  -0220  mm.  ["0005  to  -0008  inch]. 

(a.)  Evident  round  nucleus,  here  and  there  the  smaller  combined,  granules 
in  variously  shaped  groups — BUCKWHEAT. 

(6.)  Mostly  a  radiating  or  star-shaped  fissure,  none  of  the  granules  united — 
MAIZE. 

(B.)  More  or  less  numerous  drum-shaped  to  sugar-hat  shaped  granules. 

(1.)  Numerous  eccentric  layers.  Largest  granules,  '0220  to  -0352  mm. 
[-0008  to  0014  inch]— BATATA  STARCH. 

(2.)  Without  concentric  circles,  '008  to  022  mm.  [-0003  to  -0008  inch]. 

(a.)  The  slit  of  the  drum-shaped  particles  enlarged  towards  the  flattened 
side,  -008  to  "022  mm.  [  0003  to  '0008  inch] -CASSAVA  STARCH. 

(6.)  Slit  wanting  or  not  large. 

(aa.)  Nucleus  small,  eccentric,  -008  to  -016  mm.  [-0003  to  -0006  inch]— 
PACHYRHIZUS  ANGULATUS. 

(bb.)  Nucleus  small,  central,  or  vi^anting. 

{aaa.)  Irregular  many-angled  forms,  -009,  -008  to  -0176  mm.  [-0003  to  '0007 
inch]— SECHIUM  STARCH  (Cucurbitaceaj). 

(bbh.)  Only  a  few  angular  forms,  some  with  a  radiated  fissure,  -008  to  '0176 
mm.  [  0003  to  0007  inch]— CHESTNUT  STARCH. 

C.  Gbanules  Single  and  Compound,  the  Majority  Egg-shaped  and 
rounded  with  eccentric  nucleus  and  numerous  concentric 
Layers,  the  Compound  Masses  composed  of  a  Larok  Granule 

AND  one  or  a  few  VERY  SmALL  FLATTENED  DRUM-SHAPED  BoDIES 

-025  to  -066  mm.  [-00097  to  -0025  inch]— SAGO  STARCH. 

Karraarsch  has  determined  the  maximum  size  of  some  of  the 
starches.  Karmarsch's  values,  as  well  as  Wiesner's,  are  arranged 
in  the  following  Table  (XI.)  They  differ  in  a  few  instances  from 
the  dimensions  the  author  has  given  at  pp.  139-144. 
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TABLE  XI. 


Karmarsch. 

Wiesner. 



mm. 

Inch. 

mm. 

Inch. 

Generflil  size  of  pota.to, 

•100 

•0039 

•06  to  •ID 

•0024 to  0039 

Maxiinuni, 

•185 

•0079 

Maranta  starch,  , 

•140 

•0055 

•01  to  •O? 

•0004 to -0028 

Hog'bean,  Vicio,  J^cbba^ . 

•075 

•0029 

•065 

•0025 

oagu,  .         .         .  • 

070 

•0027 

•033 

•0012 

Linseed, 

•067 

•0026 

•033  to  039 

•0012 

Connnoii  beau, 

•063 

•0024 

■057 

•0021 

Pea,  .... 

•050 

•0019 

•0283 

•0011 

Wheat  starch, 

•050 

•0019 

Tlatata 

•045 

•0018 

•0369 

•0014 

Rye  

•031 

•0012 

Oat  

Maize, 

•030 

•0012 

•020 

•0007 

Tapioca, 

•028 

•0010 

Rice,  .... 

•022 

•0008 

Barley, 

•025 

•0009 

•0203 

•0007 

MiUet, 

•010 

•0004 

•009 

•0003 

Buckwheat, 

... 
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WHEAT— WHEATEN  FLOUR. 

§  82.  The  wheat  cultivated  in  this  country  is  the  Triticum 
vulgare,  of  which  there  are  two  varieties — the  T.  mstivum,  or 
summer  wheat,  and  the  T.  hybernum,  or  winter  wheat.  The 
mean  composition  of  wheat  from  250  analyses  is  as  follows 


[^om'^J : — 

Per  cent. 

Water,   13-56 

Nitrogenous  substances,     .       .       .       .       .  12-42 

Fat,   1-70 

Sugar,       ........  1'44 

Gum  and  dextrine,   2*38 

Starch   64-07 

Fibre,   2-66 

Ash,   179 


These  analyses  do  not  include  Russian  wheat.  In  the  central 
parts  of  South  Russia  a  wheat  is  grown  which  has  an  amount  of 
nitrogenous  substances  quite  uncommon — the  mean  of  twenty- 
four  analyses  giving  a  percentage  of  3-45  nitrogen  and  21-56 
nitrogenous  substances.  The  mean  composition  of  the  ash  of 
entire  wheat  is  as  follows  : — 

■Winter  wheat   Summer  wheat. 


Potash,   31-16  29-99 

Soda,   2-25  J -93 

Lime,   3  34  2  93 

Magnesia,   1197  12-09 

Ferric  oxide,        .       .       .       .  1-31  '51 

Phosphoric  acid,  .       .       .       .  46-98  48  63 

Sulphuric  acid,     ....  -37  1  -52 

Silica,   2-11  1-64 

Chlorine,   "22  '48 


According  to  the  researches  of  M.  Duvivier,  of  Chartres,  the 
extei-nal  part  of  the  envelope  of  the  grain  is  covered  with  fatty, 
odorous,  and  nitrogenous  matters,  which  are  in  a  particular 
combination,  and  form  on  the  grain  a  very  tenacious  coating — a 
.sort  of  preservative,  and  communicating  an  odour  q\iite  sui  gen- 
eris. These  substances,  which  are  named  cerealin,  tritisecaline, 
i&c,  are  isolated  by  treating  the  entire  grain  witli  cold  ether, 
and  then  allowing  the  ethereal  extract  to  evaporate  spontane- 
ously. However,  neither  the  nature  nor  even  the  presence  of 
these  matters  can  be  considered  satisfactorily  established,  and 
further  investigation  seems  necessary. 
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§  83.  Constituents  of  Flour. — Flour,  in  the  common  acceptation 
of  the  term,  is  ground  wheat  freed  from  bran. 

The  physical  cha- 
racters which  flour 
should  possess  are  as 
follows : — It  should  be 
an  almost  perfectly 
white,  fine  powder, 
with  only  the  slight- 
est tinge  of  yellow  ; 
the  odour  should  be 
sweet,  and  it  should 
be  free  from  acidity. 
It  should  exhibit  no 
trace  of  bran  when 
pressed  smooth  with 
a  polished  surface ; 
and  it  should  have  a 
certain  amount  of  co- 
hesiveness  sufficient 
to  retain  forsometime 
any  shape  impressed 
upon  it  by  squeezing. 
The  microscopical  characters  of  good  flour  are  :  the  absence  of 
foreign  starches,  of  fungi,  (tc,  and  the  presence  alone  of  the 
elements  of  ground  wheat.  (See  pp.  142,  144,  and  146,  for 
measurements  of  the  starches.) 

The  chemical  composition  of  ground  wheat  is  represented  in  the 
following  table,  giving  the  mean  of  fourteen  analyses  by  Peligot : — 

Water,  ....... 

Fat,  

Nitrogenous  matter  insoluble  in  water, 
Soluble  nitrogenous  matter — albumen, 
Soluble  non-nitrogenous  matter — dextrine, 

Starch,   

Cellulose,  ....... 

Ash,  

The  percentage  of  ash  from  the  whole  wheat  is  much  higher 
than  that  of  ordinary  flour,  the  bran  containing  much  ash. 
Thus,  100  parts  of  bran  contain — 

Per  cent. 

Water,  13  1 

Albumen,  coagulated  19'3 

Fat,  4-7 

Husk  and  a  little  starch,  55 "6 

Ash   7-3 


Fig.  20  is  a  representation  of  the  microscopical 
structure  of  wheat  when  a  tine  section  of  the  seed 
is  made,  x  199.  a  is  the  cells  of  the  bran  ;  h  the 
cells  of  the  thin  cuticle ;  c  the  gluten  cells ;  d  the 
starch  cells ;  B,  wheat  starch,  x  350. 


Mean  of 

Extremes. 

14  analyses. 

Max, 

Mim. 

140 

15-2 

13-2 

12 

1-9 

10 

12-S 

19-8 

S-1 

rs 

2-4 

1-4 

7-2 

10-5 

5-4 

59-7 

66-7 

551 

1-7 

2-3 

1-4 

1-6 

1-9 

1-4 
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The  analyses  of  Millon*  and  Kekule  give  the  following: — 


Wheat  bran. 


Starch, 
Gluten, 
Sugar, 
Fat,  . 
Wood  fibre. 
Salts,  . 
Water, 


Millon. 
52-0 
14-9 
10 
3-6 
9-7 
5-0 
13-8 


Kekal^. 
67-3 

4  1 
9-2 
5-6 
13-8 


whilst  100  parts  of  flovir,  according  to  Wanklyn,  contain- 


Water, 
Fat,  . 
Gluten,  &c.. 
Starch,  &c., 
Ash,  , 


Per  cent. 
16-5 
1-2 
12-0 
69-6 
•7 


The  nitrogenous  matter  of  the  cereals  has  been  usually  de- 
termined by  a  corabvTstion  and  subsequent  estimation  of  the 
nitrogen.  Mr.  Church  has,  however,  shown  that  this  method  of 
estimation  is  not  perfectly  reliable  as  a  measiire  of  the  flesh- 
formers,  or  albuminous  matters  properly  so  called.  In  a  valuable 
recent  series  of  researches  on  this  point,  with  regard  to  wheat, 
barley,  and  oats,  Mr.  Wigner  has  shown  that  these  nitrogenous 
flesh-forming  constituents  have  been  over-estimated,  since  nitro- 
gen combined  as  nitric  acid,  nitrous  acid,  and  alkaloids,  is 
present  in  larger  quantities  than  has  been  hitherto  supposed. 
This  is  more  especially  tvxie  as  regards  the  husk  and  bran,  very 
little  non-coagulable  nitrogenous  matter  being  contained  iii  the 
flour  properly  so  called.  These  analyses  were  carried  out  as 
follows  : — 

50  grains  of  the  sample  were  ground  in  a  warm  porcelain 
mortar  with  enough  cai-bolic  acid  to  form  a  paste.  Two  or  three 
drops  of  dilute  acid  were  added,  and  the  paste  then  diluted  witli 
hot  carbolic  acid  and  allowed  to  cool,  filtered,  and  the  filter 
washed  with  carbolic  acid  of  the  same  strength.  By  this  treat- 
ment all  the  true  albuminoids  were  coagulated  and  remained 
in  the  filter,  while  any  nitrogenous  matter,  either  as  nitrates, 
nitrites,  alkaloids,  or  gluten,  passed  through  the  filter.  The 
residue  in  the  filter  was  washed  down  into  the  point  as  far  as 
])Ossible,  and  the  filter  dried  ;  the  residue  detached,  and  the 
filter  itself  finely  shredded  witli  scissors  and  ground  to  powder, 
and  then  burnt  in  a  combustion-tube  in  the  usual  way. 

The  samples  were  collected  so  as  to  give  examples  of  every 


Comples  Rmdtts,  t.  28,  p.  40. 
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class  of  wheat,  bai'ley,  and  oats,  and  ground  by  the  operator. 
Treated  in  this  manner,  Mr.  Wigner  found  that  17*7  per  cent,  of 
the  total  nitrogen  in  wheat,  17 '6  per  cent,  of  that  in  oats,  and 
14-7  per  cent,  in  that  of  barley,  as  an  average,  deduced  from  the 
examination  of  fifteen  samples  of  each,  was  present  in  such  a 
form  as  not  to  be  capable  of  coagulation  by  carbolic  acid. 
The  extremes  in  various  samples  difi'ered  widely,  and  it  would 
appear  as  though  we  may  have  by  this  process  a  method  of  dis- 
tinguishing the  true  nutritive  value  of  one  sample  of  grain  from 
another.*  In  a  recent  research  by  the  author  (still  proceeding), 
the  nitrogen  as  nitrates  in  the  bran  was  estimated  as  "0071  grm. 
per  cent.  ;  an  alkaloidal  peptone  was  precipitated  by  phospho- 
molybdic  acid  ;  and  found  to  exist  in  the  proportion  of  about 
•75  per  cent.  In  whole  meal  the  nitrogen  as  nitrates  was  -OiS 
per  cent.,  the  alkaloidal  peptone  I'OO  per  cent. 

The  nitrogenous  constituents  of  llour  comprised  under  the 
name  of  gluten  are  probably,  from  the  recent  researches  of  T. 
Weyl  and  Bischoff,t  not  ready  formed  in  the  flour,  but  the 
result  of  the  action  of  a  ferment  like  myosin,  which,  however, 
has  not  been  isolated.  This  theory  would  account  for  the  fact 
that  (as  observed  by  Mitschei'lich  and  Krocher)  wheat  in  whicli 
no  sugar  could  be  found  before  being  sent  to  the  mill,  on  being 
moistened  and  ground  yielded  as  much  as  4  per  cent,  of  sugar. 

Gluten  is  composed  of  at  least  foiir  bodies — gluten-caseine, 
gluten-Jibrine,  mucedin,  and  gliadin. 

Gluten  may  be  obtained  by  merely  kneading  the  flour  into  a 
l>aste,  and  then  washing  all  the  starch  out  of  the  paste  in  a  thin 
stream  of  water.  As  thus  obtained  it  is,  in  the  moist  state,  a 
yellowish-grey,  very  elastic,  adhesive  mass  ;  and  when  dry,  some- 
what horny.  It  dissolves  for  the  most  part  in  alkaline  liquids 
and  in  acetic  acid.  From  the  gluten  the  four  bodies  mentioned 
may  be  separated  as  follows  : — 

1.  Gluten-caseine. — The  well-washed  gluten  is  digested  a  few 
days  with  potash  solution  (for  every  100  grms.  of  gluten  about 
3  to  4  grms.  KHO).  The  clear  solution  is  decanted  from  the 
insoluble  residue,  and  precii^itated  by  acetic  acid  in  the  least 
excess.  The  precipitate  is  exhausted  successively  with  60  per 
cent,  and  with  80  per  cent,  alcohol,  then  with  absolute  alcohol, 
and  lastly  with  ether.  The  insoluble  portion  now  consists  of 
gluten-caseine,  which  may  be  purified  by  solution  of  weak  potash 
lye,  precipitated  by  acetic  acid,  washed  with  water  and  alcohol, 
and  dried  in  a  vacuum.    It  forms  a  whitish-gi-ey,  voluminous. 


*  See  Analyst,  July,  August,  1878. 
t  Ber.  der  Deuiach.  Chem.  Gesellscha/t,  1880,  p.  1064. 
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earthy  mass,  soluble  in  dilute  alkaline  solutions,  but  insoluble  in 
water,  whether  hot  or  cold.  At  100°C.  it  soon  changes  into  a 
modification  insoluble  in  alkaline  fluids.  Its  solution  in  very- 
dilute  alkaline  lluids  becomes  txxrbid  on  exposure  to  the  air,  and  is 
precipitated  in  a  flocculent  condition  by  the  heavy  metals.  The 
elementary  analysis  of  gluten-caseine  gives  the  following  per- 
centages : — Carbon  52-9,  liydi'Ogen  7-0,  nitrogen  17-1,  oxygen 
22"0,  and  sulphur  1"0.  On  heating  gluten-caseine  with  sulphuric 
acid,  tyrosin,  leucin,  glutamime  acid,  and  asparagic  acid  with 
ammonia,  are  among  the  products. 

The  gluten-caseine  of  rye  seems  to  be  similar  to  that  of  wheat 
[^Ritthausen]. 

2.  Gluten-fibrine.  — The  substances  remaining  in  solution  fi'om  1. 
are  gluten-fibrine,  mucedin,  and  gliadin.  The  first  is  separated 
by  distilling  the  united  alcoholic  extracts  to  one-half,  when  it 
separates  as  a  brownish-yellow  mass.  It  may  be  purified  by 
repeatedly  dissolving  in  a  little  60  to  70  per  cent,  alcohol,  from 
which  it  separates  on  cooling.  This  property  is,  indeed,  char- 
acteristic of  gluten-fibrine.  It  forms  a  tenacious  brownish-yellow 
mass,  becoming  horny  on  drying.  It  is  insoluble  in  cold  water  ; 
boiling  water  partly  decomposes  and  changes  it  into  a  modifica- 
tion insoluble  in  alcohol,  acetic  acid,  and  potash.  The  elementary 
composition  of  gluten-fibrine,  according  to  Ritthausen,  is  carbon 
54-3,  hydrogen  7'2,  nitrogen  16-9,  oxygen  20-6,  and  sulphur  I'O  ; 
this  points  to  the  formula  Cgp^H^gNjoO^j^. 

3.  Mucedin. — The  alcoholic  extracts  from  2.  contain  mucedin 
and  gliadin,  and  are  united  and  evaporated  to  dryness.  The 
varnish-like  residue  is  treated  with  ether  to  remove  fat,  and  dis- 
solved in  warm  60  to  70  per  cent,  alcohol,  allowed  to  cool,  and 
filtei'ed  from  any  gluten-fibrine  still  remaining.  The  mucedin 
is  now  precipitated  in  a  flocculent  state  by  strong  alcohol,  and 
by  a  repetition  several  times  of  this  operation  is  obtained  pure. 
When  fresh,  it  is  a  whitish-yellow,  slimy  mass  ;  when  dry,  a 
horny,  crumbliug  mass.  It  dissolves  easily  in  60  to  70  per  cent, 
alcohol,  but  is  precipitated  by  90  per  cent,  alcohol.  The  acetic 
acid  solution  is  coloured  a  beautiful  violet  on  the  addition  of 
sulphate  of  copper  and  potash,  and  slightly  warming. 

The  mucedin  from  rye  and  barley  is  similar  to  that  of  wheat 
[Ritthausen].  The  elementary  composition  of  mucedin  is  as 
follows  : — 

Carbon,  .... 

Hydrogen,  .... 

Nitrogen,  .... 

Oxygen,  .... 

Sulphur,  .... 


Wheat. 

Eyo. 

Barley. 

.  541 

63-6 

54  0 

.  6-9 

6-8 

7-0 

.  16-6 

16-8 

17-0 

.  21-5 

22-3 

21-3 

•9 

•5 

•7 
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4.  Gliadin. — Gliadin  is  obtained  by  evapoi'ating  the  alcoholic 
solution  left  from  3.  It  then  remains  behind  as  a  clear  yellow- 
varnish,  ■which  is  so  tenacious  that  it  may  be  drawn  into  threads. 
By  treating  it  with  absolute  alcohol  and  ether,  it  is  changed  into 
a  friable,  lustreless  mass.  It  is  easily  dissolved  by  40  to  80  per 
cent,  alcohol,  and  this  solution  is  made  milky  by  absolute  alcohol 
and  water,  turbid  by  ether.  By  boiling  it  is  changed  into  an 
insoluble  modification.  If  digested  with  cold  water  it  dissolves, 
and  the  solution  is  opalescent  and  frothy,  giving  a  precipitate 
with  tannic  acid  and  soda.  Gliadin  dissolves  in  dilute  alkaline 
and  alcoholic  solutions  and  in  acetic  acid  ;  on  neutralisation,  or 
on  addition  of  salts  of  the  heavy  metals,  precipitates  are  formed. 
The  elementary  composition  of  gliadin  is  as  follows  : — 

Mean  of  two  analyses. 

Eitthausen.      U.  Kreusler. 
Wheat  Gliadin.   Oat  Gliadin. 


Carbon   52-5  52  6 

Hydrogen,   6-8  7-6 

Nitrogen,   18-4  17-7 

Oxygen   21-5  20-4 

Sulphur,   -S  1-7 


W.  Mayer  has  discovered  a  very  important  ratio  between  the 
total  phosphoric  acid  in  wheat  and  corn  generally,  and  the  total 
nitrogen — 1  part  of  phosphoric  acid  corresponding  to  2  parts  of 
nitrogen  ;  the  extreme  variations  do  not  appear  to  be  more  than 
from  1  :  1-83  to  1  :  2-19.  Ritthausen,  U.  Kreusler,  and  Pote, 
liaA^e,  however,  found  that  in  wheats  very  rich  in  nitrogen,  the 
proportion  may  be — phosphoric  acid  1'  to  1"31. 


ANALYSIS  OF  FLOUE. 

§  84.  The  analysis  of  flour  should  in  all  cases  be  preceded  by  a 
careful  microscopical  examination,  combined  with  measui'emeut 
by  a  micrometer  in  order  to  detect  any  foreign  starches,  (kc. 
Flour  in  this  country  is  pretty  well  free  from  organic  admixture; 
but  cases  do  occur,  and  have  occurred  in  other  countries,  in 
which  there  has  been,  from  carelessness  in  the  cultivation  and 
reaping,  some  one  or  other  of  the  following  seeds  : — Melampyfum 
arvense  [Scrophulariacje],  Lychnis  citliago,  Lolummtum  temu- 
lenhim;  or,  in  bad  seasons,  "blighted"  and  "ei-gotised"  corn  is 
ground  up  with  good  corn. 

li\\QMelar)ij)yrum  arvense,  ox  purple  coio  tvheat.is  a  not  uncommon 
flower  in  cornfields.  Its  structure  is  unlike  that  of  wheat,  and 
may  be  discovered  by  the  microscope.    A  chemical  test  is  as 
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follows: — About  15  grms.  of  the  flour  are  made  into  a  soft 
paste  with  acetic  acid,  diluted  with  double  its  volume  of  water. 
The  paste  is  placed  in  a  platinum  dish,  and  the  water  and  acid 
completely  driven  off  by  a  gentle  heat.  The  paste  on  section, 
should  the  melampyrum  have  been  mixed  with  the  flour,  shows 
a  colouration,  violet  or  purple,  according  to  the  quantity. 

Quite  lately  C.  Hartwich  found  a  rye  bread  which  was  of  a  violet 
colour.  The  rye  flour  from  which  it  was  made  contained  no  less 
than  1"6  per  cent,  of  the  seeds  of  the  melampyrum.  An  alcoholic 
extract  of  the  flour  showed  an  intense  green  colour,  and  sul- 
phuric acid  gave  a  blue  play  of  colours.  The  seeds  not  only 
of  Melampymm  arvense,  but  also  of  M.  cristatum,  Rhinanthus 
hirsutus,  A  lector olophus  major  and  minor,  Euphrasia  odontidis, 
and  Pedicularis  palustris,  all  give  a  violet  colour  to  bread,  and 
probably  contain  the  same  colouring-matter — rhinanthin.* 

The  Agrostemma,  or  Lychnis  cithago.i — The  common  corn-cockle 
of  our  fields  is  without  doubt  poisonous,  containing  an  alkaloid, 
"saponin."  Flour  mixed  with  seeds  of  the  lychnis  has  a  disagree- 
able bitter  taste,  and  the  foreign  substance  may  be  discovex'ed  by 
a  microscopical  examination.  On  treating  the  flour  with  ether, 
the  percentage  of  oil  is  much  increased  ;  the  oil  extracted  by 
ether  is  also  of  a  strong  yellow  colour,  and  acrid. 

In  cases  where  a  microscopical  examination  has  discovered 
the  seeds  of  agrostemma,  A.  PetermanJ  has  recommended  the 
separation  of  saponin.  100  grms.  of  the  flour  are  exhausted 
by  a  litre  of  80  per  cent,  alcohol,  and  filtered  hot ;  the  filtrate 
is  precipitated  by  absolute  alcohol,  the  precipitate  separated 
and  dried  at  100°,  and  then  exhausted  with*  cold  water.  This 
extract  is  again  precipitated  with  absolute  alcohol,  and  the 
saponin  obtained  as  a  yellowish  powder  of  sharp  burning  taste. 
Saponin  is  easily  soluble  in  water,  and  is  perhaps  best  recognised 
by  its  power  of  communicating  a  soapy  appearance  to  water. 
Water  containing  1000th  of  its  weight  of  saponin  froths  on 
shaking  just  like  a  solution  of  soap.  Concenti-ated  sulphuric  acid 
dissolves  saponin  with,  first,  a  red -yellow  colour,  changing  into 
violet,  and  later,  into  a  more  intense  red.  The  watery  solution 
is  precipitated  by  acetate  of  lead,  and,  if  concentrated,  by  baryta 
^yater.  2  grms.  given  to  an  adult  will  cause  physiological 
symptoms,  mainly  consisting  of  nausea,  diaphoresis,  and  diuresis ; 

*  Archiv.  dnr  Pharmacie,  217,  p.  280. 

t  The  i)lant  belongs  to  the  nat.  order  Cari/ophyllaccce,  or  clove-worts :  the 
tlower  is  large  and  purple ;  the  stem  dichotomous,  from  2  to  .S  feet  high  ;  the 
calix  is  coriaceous,  ribbed,  with  5  linear  lanceolate,  constantly  erect,  pateut, 
very  long  segments,  styles  downy,  capsula  fj-toothed. 

t  Ann.  cle  chimie  el  de  pharmacie,  5.  xix.,  p.  24.3. 
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•5  grm.  is  a  fatal  dose  for  a  kitten ;  the  fatal  dose  for  a  human 
adult  is  not  known. 

The  Lolium  temulentum,  or  Darnel,  has  rather  frequently  been 
found  as  an  impurity  in  flour. 

If  flour  contain  darnel  it  may  be  detected  by  the  characters  of 
the  alcoholic  extract.  The  flour  is  digested  in  alcohol  of  35° ;  if  it 
is  pure,  the  alcohol  remains  perfectly  clear  and  limpid,  or  at  the 
most,  takes  a  very  pale  straw  colour,  from  dissolving  a  little 
colouring-matter  in  the  envelopes  of  the  wheat,  which  may  be  in 
the  flour,  nor  is  the  taste  disagreeable.  If,  on  the  contrary,  it 
contains  darnel,  the  alcohol  takes  a  greenish  hue,  which  darkens 
gradually.  The  taste  of  the  alcohol  is  acrid  and  nauseous,  and 
on  evaporation  it  leaves  a  yellowish-green  resin. 

Detection  of  Ergot  in  Flour. — It  is  most  important  to  examine 
flour  for  grain  matters  damaged  by  mould,  and  especially  ergot. 
A  good  preliminary  test  is  that  recommended  by  A.  Vogel.*  The 
flour  is  stained  with  aniline  violet,  and  then  examined  micro- 
scopically: the  damaged  starch  granules  take  up  the  colour 
intensely.  This  staining  will  take  place  with  flour  damaged  by 
any  fungus,  and  is  not  a  special  test  for  ergot.  The  best  chemical 
method  is  that  of  Jacopy,  as  modified  by  J.  Petri. f  20  grms.  of 
the  flour  are  placed  in  a  proper  exhausting  apparatus,  such  as  is 
described  at  page  68,  and  exhausted  with  boiling  alcohol  until 
the  last  alcohol  is  colourless.  To  the  alcoholic  solution  20  drops 
of  cold  diluted  suljihuric  acid  are  added,  and  the  liquid  is  filtered 
and  examined  by  the  spectroscope  in  thinner  or  thicker  layers, 
according  to  the  depth  of  colour.  If  the  flour  is  ergotised,  the 
alcoholic  solution  will  be  more  or  less  red,  and  show  two  absorp- 
tion-bands in  very  dilute  solution,  one  lying  in  the  gi-een  near  e, 
and  a  broader  and  stronger  band  in  the  blue  between  /  and  g 
On  mixing  the  original  solution  with  twice  its  volume  of  water, 
and  shaking  successive  portions  of  this  liquid  with  ether,  amyl- 
alcohol,  benzine,  and  chloroform,  the  red  colour,  if  derived  from 
ergot,  will  imj^art  its  colour  to  each  and  all  of  these  solvents. 
Other  tests  have  been  proposed  from  time  to  time;  as,  for  example, 
a  yellow  colour  developed  when  flour  is  treated  with  an  alkaline 
solution,  and  the  development  of  a  smell  of  trimethylamine  when 
the  potash  solution  is  heated.  It  may,  however,  be  remarked 
that  the  yellow  colour  would  not  be  conclusive  as  to  the  presence 
of  ergot,  for  otherwise  damaged  flour  will  show  this  reaction;  and 
as  for  the  smell  of  trimethylamine,  it  may  be  noticed  when 
certain  gummy  matters  are  decomposing,  and  though  a  flour  pro- 
ducing such  an  odour  with  potasli  cannot  be  considered  healthy, 

*  Chem.  Centralblatt.    [3  f.]  10.  559. 

+  Zeitschri/t  Jiir  Anal.  Chem.  1879,  pp.  211-220. 


§84.] 


ANALYSIS  OF  FLOUR. 


165 


the  odour  in  itself  would  not  be  conclusive  in  regard  to  the 
presence  of  ergot.  The  presence  of  ergot,  and  of  the  seedg 
mentioned,  must  be  regarded,  not  as  adulterations  in  the  sense 
of  a  fraudulent  addition,  but  as  impurities.  Nevertheless,  an 
analyst  would  naturally  certify,  under  the  "  Sale  of  Food  and 
Drugs  Act,"  if  flour  sold  as  good  flour  should  be  found  to  contain 
any  of  these  siibstances. 

The  following  substances  have  been  fraudulently  added  to 
wheaten  flour  : — Rye,  lice-meal,  barley-meal,  potato  starch,  the 
flour  from  various  Leguminosse,  linseed-meal,  buckwheat,  and 
some  other  starches.  It  may  once  again  be  said,  that  in 
England  all  these  adulterations  of  flour  are  of  extreme  rarity 
(with,  perhaps,  the  exception  of  potato  flour  and  ground  rice); 
but  there  is  good  evidence  that  in  times  of  scarcity,  with  bread  at 
famine  prices,  all  kiuds  of  substances  have  been  mixed  with  flour 
and  sold.  What  has  happened  may  occur  again,  and  it  is 
therefore  well  to  know  the  chief  chemical  tests  which  have  been 
recommended  to  detect  even  these  uncommon  admixtures.  The 
general  test  recommended  by  A.  E.  Vogel  may  be  useful :  The 
suspected  floiir  is  extracted  with  70  per  cent,  alcohol,  to  which 
hydrochloric  acid  has  been  added,  in  the  proportion  of  5  per  cent, 
of  the  alcohol  employed.  If  the  flour  is  made  of  either  pure 
wheat  or  rye,  the  alcohol  remains  colourless  ;  it  is  of  a  pale  yellow 
if  either  barley  or  oats  should  be  present;  orange-yellow  with 
pea  flour ;  purple-red  with  mildewed  wheat ;  and  blood-red  with 
ergotised  wheat. 

Potato  Starch. — So  long  ago  as  1847,  M.  Donn^  proposed  an 
excellent  test  for  potato  starch  in  wheat  flour.  The  flour  is 
examined  in  a  very  thin  layer  under  the  mici-oscope,  in  the 
ordinary  way,  and  then,  while  it  is  under  observation,  a  weak 
solution  of  potash  is  added,  when  potato  starch  will  begin  to 
swell,  and  reach  four  or  five  times  its  volume,  while  wheat 
starch  is  scarcely  aff"ected.  The  test  is  best  applied  by  putting  a 
little  of  the  flour  on  a  stage  micrometer;  it  is  then  easier  to 
appreciate  the  alteration  in  size  of  any  particular  starch.  When 
this  method  of  detecting  jjotato  starch  is  combined  with  th(^ 
subsidence  process,  proposed  by  Lecanu  in  1849,  so  small  ii 
quantity  as  one  part  of  potato  starch  in  a  thovisand  of  wheat 
flour  may  be  detected.  The  subsidence  process  is  as  follows :  Any 
convenient  quantity  of  flour,  say  100  grms.,  is  treated  with  40  per 
cent,  of  its  weight  of  water,  and  the  gluten  separated  in  the  usual 
way;  the  washing  water  is  well  stirred,  and  passed  through  a  sieve 
to  retain  the  larger  suspended  matters,  and  then  allowed  to  rest  in 
a  conical  vessel  until  a  deposit  has  formed.  Without  waiting 
for  the  supernatant  water  to  become  clear,  it  is  decanted,  and  the 
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deposit  mixed  by  stirring  with  more  water,  and  allowed  again  to 
deposit  for  a  short  time.  The  water  is  decanted,  and  the  process 
again  gone  through.  By  this  means  the  final  and  lowest  deposit 
will  consist  almost  entirely  of  potato  starch,  which,  being  of 
greater  specific  gravity  than  wheat,  always  svibsides  first.  M. 
Robine,  curiously  enough,  relies  more  upon  a  chemical  identifi- 
cation of  the  apex  of  the  cone  of  deposit  than  upon  a  microscopical, 
wliich  latter  is  so  much  more  decisive.  The  last  deposit  is 
recommended  to  be  received  on  a  lump  of  dry  plaster,  the  apex 
cut  oS  and  triturated  in  an  agate  mortar — glass,  porcelain,  and 
Wedgwood  mortars  do  not  answer — and  tested  with  iodine, 
which  gives  a  blue  colour  with  potato  starch;  but  under  these 
circumstances,  not  with  wheat  starch,  the  friction  of  the  smooth 
agate  not  having  been  sufficient  to  tear  the  envelopes  off  the 
latter.  M.  Chevallier  has  also  recommended  a  method  for  the 
detection  of  potato  starch,  based  on  the  resistance  which  the 
wheat  granules  possess  to  the  destruction  of  the  outer  membrane. 
Equal  weights  of  flour  and  sand  are  to  be  tritui'ated  with  water 
imtil  a  homogeneous  paste  is  formed,  which  is  then  diluted  and 
filtered ;  to  the  filtrate  is  added  a  freshly-prepared  solution  of 
iodine,  made  by  digesting  for  about  ten  minutes  3  grms.  of  iodine 
in  60  cc.  of  water,  and  then  decanting.  If  the  flour  is  pure,  this 
addition  will  give  a  pink  colour,  gradually  disappearing  ;  whilst 
if  potato  starch  should  be  present,  the  colour  is  of  a  dark  purple, 
only  disappearing  gradually  ;  by  comparing  the  reaction  with 
floiir  known  to  be  pure,  this  difference  of  behaviour  is  readily 
ajjpreciated. 

Detection  of  Leguminous  Starches,  <&c. — As  previously  stated, 
the  leguminous  starches  give  no  play  of  colours  when  examined 
by  polarised  light  and  a  selenite  plate,  and  are  thus  easily  de- 
tected among  the  iridescent  wheat  starches.  By  treating  the 
flour  also  under  the  microscope  with  a  solution  of  from  10  to  12 
per  cent,  of  potash,  it  is  possible  to  dissolve  the  starch  granules 
of  the  leguminous  plants,  and  leave  a  charactei'istic  reticular 
tissue,  made  up,  for  the  most  part,  of  irregular  hexagons.  The 
addition  of  lentils  or  vetches,  on  account  of  the  brown  colour  of 
the  seeds,  can  only  take  place  in  minute  quantity,  and  then 
could  only  be  added  to  dai'k  flours  of  inferior  quality. 

Bean  flour,  haricot  flour,  or  pea  flour,  may  be  mixed  up  to  T) 
per  cent,  without  imparting  any  particular  appearance,  odour,  or 
taste.  Beyond  that,  all  these  characters  are  altered.  Bean  flour 
is  said  to  give  to  the  crust  a  more  golden  brown,  which  is  agree- 
able to  the  eye.  There  is  a  principle  in  beans  and  vetches  which, 
treated  with  nitric  acid  and  ammonia,  gives  a  red  colour.  The 
method  to  sepai-ate  this  colouring-matter  from  falsified  flour  is 
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to  exhaust  any  convenient  quantity  with  boiling  alcohol,  and  to 
evaporate  the  alcohol  to  a  syrup.  This  syrup  is  freed  from  fatty 
matters  by  ether,  and  the  insoluble  residue  exposed  successively 
to  the  vapours  of  nitric  acid  and  ammonia.  An  amaranth  red 
colour  denotes  the  presence  of  these  substances.  M.  Biot  has, 
howevei*,  stated  that  wheat  from  the  Caucasus  responds  to  this 
test  although  perfectly  pure,  so  that,  like  many  other  reactions, 
it  must  not  in  itself  be  taken  as  conclusive.  M.  Marten  proposed 
to  separate  legumin,  and  M.  J.  Lemenaut  des  Chenais  has 
modified  Marten's  original  process  as  follows  : — The  gluten  is 
separated  in  the  usual  manner,  and  to  the  liquid  containing  the 
starchy  matters  is  added  ammonia,  which  is  a  good  solvent  of 
legumin.  The  starch  is  allowed  to  deposit,  the  liquid  is  filtered, 
and  to  the  filtrate  a  very  dilute  mineral  acid  is  added,  which 
precipitates  legumin  if  present.  The  legumin  is  filtered,  collected, 
dried,  and  weighed.  According  to  M.  Lemenant  des  Chenais, 
•9  of  legumin  in  100  grms.  of  flour  represents  an  adulteration  of 
5  per  cent. 

The  most  scientific  process,  which  embraces  a  fairly  complete 
examination  of  flour  for  the  leguminous  constituents,  is  that  of 
Lecanu  : — The  gluten  is  first  separated  in  the  usual  way.  The 
washing  water,  containing  starch,  soluble  matters,  and  legumin, 
if  present,  is  passed  through  a  sieve  to  separate  coarse  particles 
in  suspension,  and  then  diluted  sufliciently  and  allowed  to 
deposit.  The  liquid  is  divided  into  two  parts,  and  one  part  is 
allowed  to  putrefy  or  ferment  spontaneously.  With  ])ure  flours 
the  lactic  acid  fermentation  is  most  common ;  with  flours  con- 
taining legumin  there  is  a  putrid  fermentation.  The  other 
portion  is,  after  decantation  and  filtration,  concentrated  until 
a  yellowish  scum  forms  on  the  surface ;  it  is  allowed  to  cool,  and 
separated  from  the  albumen  which  all  flours  contain.  Tlien 
legumin  is  precipitated  by  adding  drop  by  di'op  acetic  acid. 
Legumin  is  identified  by  its  properties.  It  is  Avithout  colour, 
taste,  or  odour.  When  dried  it  is  of  a  horny  consistence,  in- 
soluble in  alcohol,  not  coloured  by  iodine,  but  vex'y  soluble  in 
potash  or  ammonia  water,  from  which  solution  it  may  be  precipi- 
tated by  the  addition  of  an  acid.  The  deposit  is  submitted  to  a 
careful  microscopical  examination,  and  tested  with  iodine  to 
colour  the  starch  and  leave  uncoloured  the  cellular  tissue,  or 
with  potash  in  the  way  described  on  page  156.  The  suspended 
particles  on  the  sieve  are  also  examined  microscopically,  because 
they  often  contain  large  fragments  of  leguminous  cellular  tissue. 

The  leguminous  starches  contain  moi-e  mineral  matter  tlian 
wheat  flour — for  example,  pea  flour  contains,  on  an  average,  2-65 
per  cent,  of  ash ;  flour,  -7.    It  henco  follows  that  if  pea  flour  be 
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mixed  with  wheat  flour  in  the  proportion  of  10  per  cent.,  the  ash 
would  be  '87  instead  of  -7,  and  it  has  been  pi'oposed  to  make  this 
a  test  of  the  presence  of  such  foreign  starches ;  but,  as  the 
example  just  given  shows,  with  moderate  adulteration  it  would 
not  be  at  all  conclusive,  and  must  only  be  considered  one  of  the 
auxiliary  means. 

M.  Rodiguez  has  ascertained  that  when  pure  flour  is  submitted 
to  dry  distillation  in  a  stone  retort,  and  the  distillate  is  collected 
in  a  vessel  containing  water,  the  latter  will  remain  perfectly 
neutral.  But  if  bean,  pulse,  or  pea  meal  has  been  added,  the 
water  will  have  an  alkaline  reaction.  This  test  appears  of  doubt- 
ful value ;  for,  provided  the  distillate  is  alkaline,  the  alkalinity 
may,  it  is  evident,  have  arisen  from  a  variety  of  causes  besides  the 
addition  of  the  substances  mentioned.  It  has  also  been  shown 
by  Bussy  that  certain  cereals  yield  on  distillation  an  acid  product. 

Lassaigne  (taking  advantage  of  the  fact  that  haricot  beans,  as 
well  as  beans,  contain  a  tannin  in  their  envelopes)  adds  a  salt  of 
iron,  which,  with  pure  flour,  gives  a  feeble  straw  colour,  but 
mixed  with  either  of  the  two  mentioned,  or,  of  course,  with  any 
substance  containing  tannin,  gives  various  shades,  from  orange- 
yellow  to  very  dark  green. 

§  85.  Detection  of  Alum  and  Mineral  Matters  generally  in  Flour. 
— The  most  important  test  for  the  detection  of  mineral  substances 
generally  in  flour  is,  without  doubt,  what  is  known  as  the  "chlo- 
roform "  test — a  test  which,  it  would  appear,  was  first  proposed 
by  M.  Cailletet,  a  pharmacist  of  Charleville,  in  1869,  and  was  in 
England  brought  prominently  before  the  notice  of  analysts  by 
the  researches  of  Dr.  Dupre.  The  principle  of  the  method  is 
simple  and  obvious.  The  chloroform  is  of  suflicient  gravity  to 
float  the  starchy  substances  and  allow  the  alum,  sand,  sulphate 
of  lime,  or  other  mineral  matters,  to  sink  to  the  bottom.  It, 
besides,  has  no  very  appi*eciable  solvent  action  on  alum,  and 
none  at  all  on  the  generality  of  mineral  or  saline  substances.  No 
solution  made  of  sufficient  specific  gravity,  by  dissolving  salts  in 
water,  or  any  other  means,  will  answer  the  same  purpose  as 
chloroform,  because,  directly  the  flour  is  moistened  with  watei', 
the  alum  is  decomposed  by  the  phosphate  of  potash  present  in 
the  flour,  and  also  forms  an  insoluble  compound  with  the  gluten; 
and,  under  those  circumstances,  as  alum,  it  is  impossible  to  recover 
the  alumina.*  The  method  is  as  follows  : — The  tube  figured  in 
the  article  on  "  Beer  "  is  taken,  and  a  weighed  quantity  of  the 
flour,  from  a  quarter  to  half  a  pound,  is  placed  in  it,  and  suflicient 
methylated  chloroform  added  to  form  a  thin  sort  of  paste ;  the 

*  This  is  the  orthodox  doctrine,  but  the  latest  researches  of  the  author  do 
not  wholly  confirm  the  view  stated  in  the  text  (see  Index). 
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cylinder  is  closed  by  a  stopper,  shaken  up  once  or  twice,  and 
allowed  to  stand  over  night.  The  next  morning  the  "rod- 
stopper  "  is  inserted  and  the  cap  removed ;  the  latter  will 
contain  sand  from  the  millstones,  sulphate  of  lime,  alum,  or 
any  other  mineral  powder  of  a  greater  specific  gravity  than 
chloroform,  that  happened  to  be  in  the  flour ;  this  fluid  is 
placed  in  a  burette,  some  more  chloroform  is  added,  and  the 
matters  allowed  again  to  subside;  lastly,  the  powder,  with  a  little 
of  the  chloi'oform,  is  drawn  ofi"  into  a  watch-glass,  the  chloroform 
evaporated,  and  the  powder  digested  in  warm  water,  filtered  into 
a  clean  watch-glass,  and  allowed  to  evaporate  spontaneously.  If 
alum  were  present  crystals  will  be  obtained,  easily  identified  by 
their  form,  and  these,  if  necessary,  can  be  produced  in  court  as  a 
^'■corpus  delicti."  The  chloroform  which  has  been  used  may  be  in 
a  great  measure  recovered  by  simple  filtration,  then  purified  by 
distillation  in  the  usual  way. 

The  alum  ci-ystals  may  be  easily  identified  by  their  form  under 
the  microscope,  and  by  the  reaction  with  gelatine  and  log- 
wood. It  may  be  a  matter  of  some  importance  to  be  able  to 
say  whether  the  alum  present  is  a  potash  or  ammonia  alum.  The 
best  method  of  detecting  this  is  to  take  the  smallest  crystal, 
and  having  previously  dropped  a  single  drop  of  Nessler  solution 
on  a  porcelain  slab,  stir  the  crystal  into  the  Nessler ;  an  imme- 
diate brown  colour  and  precipitate  is  produced  if  the  akim  was 
an  ammonia  alum.  Dr.  Dupre  has  made  some  experiments  as 
to  the  amount  of  alum  which  by  this  process  it  is  possible  to 
recover.  Three  mixtures  were  made,  containing  respectively  28, 
10,  and  2  grains  of  very  finely  powdered  ammonia  alum  in  100 
grains  of  a  pure  flour.  On  separation  of  the  alum  by  the  chloro- 
form test,  the  residue  or  deposit  obtained  from  the  chloroform 
was  dissolved  in  cold  water,  and  precijiitated  by  baric  chloride, 
and  the  sulphate  of  baryta  obtained  calculated  into  ammonia 
alum;  the  result  was  that  27'1,  8'21,  and  1'14  grains  of  alum  were 
respectively  recovered,  instead  of  28,  10,  and  2  grains,  which  must 
be  considered  as  fairly  satisfactory.  The  sand  and  silica  obtained 
by  the  chloroform  process  will  be  filtered  ott',  and  should  be  dried 
and  weighed,  more  especially  since  there  has  been  found  to 
be  a  I'elationship  between  the  silica  present  and  the  alumina  in 
flour  not  existing  as  alum,  but  as  clay,  &c. 

The  Logwood  Test. — A  freshly-prepared  tincture  of  logwood 
becomes  blue  when  alum  and  certain  other  salts  are  added  to  it  ; 
an  excellent  and  readily  applied  test  has  been  proposed  based  on 
this  reaction.  To  apply  the  test  to  flour,  the  following  is  the 
usual  process  ; — 

Fifty  grms.  of  flour  are  weighed  out  and  mixed  by  the  aid  of 
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a  glass  rod  with  50  cc.  of  distilled  water ;  to  this  is  added  5  cc. 
of  i-ecently  prepared  logwood  solution,  alkalised  by  5  cc.  of  solu- 
tion of  ammonium  carbonate.  If  X(5wt7  P^^'*  alum  is  present, 
the  flour  will  become  of  a  lavender-blue  colour  instead  of  pink. 
An  approximate  estimate  of  the  quantity  may  be  obtained  by 
having  a  standard  solution  of  pure  alum,  1  grm.  to  the  litre,  and 
adding  known  quantities  to  exactly  similar  emulsions  of  ])\ire 
flour,  and  testing  as  before  with  logwood,  until  an  emulsion  is 
obtained  of  very  similar  hue  to  the  flour  originally  tested.  If 
the  cold  extract  gives  a  blue  tint  with  the  logwood  test,  or  if 
the  flour  be  submitted  to  dialysis,  and  the  diffusate  responds, 
alum  is  present  as  alum,  and  is  not  derived  from  dirt,  clay,  or 
from  the  millstones  themselves.*  The  author  now  uses  little 
strips  of  gelatine  to  concentrate  the  alum  on  :  a  bit  of  gelatine  is 
soaked  in  the  cold  extract  of  the  siispected  flour  for  12  hours, 
it  is  then  taken  out  and  steeped  in  the  ammoniacal  logwood  ;  if 
alum  is  present  the  gelatine  becomes  of  a  beautiful  blue  colour  ;f 
the  test  is  much  moi'e  decided  than  as  applied  in  the  usual  way. 
The  same  blue  colour  is  produced  by  the  presence  of  magnesia, 
and  clayey  matters  may  also  caiise  a  bluish  tint.  Nevertheless, 
if  a  flour  or  bread  does  not  respond  to  this  test,  it  is  certain  that 
alum  in  any  quantity  is  not  present  ;  on  the  other  hand,  if  a  blue 
colour  is  produced,  there  is  certain  to  be  either  an  adulteration 
with  alum  or  some  other  admixture,  and  the  sample  should  be 
more  thoroughly  examined. 

Hermann  W.  VogelJ  has  shown  that  alum  and  magnesia  salts 
can  be  recognised  by  their  influence  on  the  spectrum  of  purjjurine. 
It  is  evident  that  here  is  a  jjrocess  by  which  the  analyst  may  be 
assisted  in  his  diagnosis  of  the  cause  of  any  blue  colour  impai-ted 
to  flour.  Pure  purpurine  gives,  in  saturated  solutions,  a  spectrum 
extinguishing  wholly  the  blue  pai't.  An  alcoholic  solution  diluted 
until  it  is  of  a  straw-yellow  colour  extinguishes  the  blue  only 
partially,  and  shows  two  marked  absorption-bands  at  F  and  b 
E.  (see  fig.  12.)  A  diluted  watery  solution  does  not  show  these 
absorption-bands,  but  instead  there  appears  a  stronger  absorp- 
tion in  the  green  between  F  and  b,  a  weaker  in  the  yellow  from 
E.  This  reaction  is  dependent  on  a  trace  of  alkali,  for  it  is  inten- 
sified by  ammonia,  whilst  a  slight  excess  of  acetic  acid  colours 
the  fluid  yellow,  and  then  there  is  only  a  weak  absorption.  The 

*  The  millstones  are  sometimes  mended  with  an  ahun  cement.  This  circum- 
stance will  of  course,  from  time  to  time,  be  utilised  for  purposes  of  defence. 

t  The  author,  while  these  sheets  are  passing  through  the  press,  is 
developing  the  test  mentioned  by  further  research,  and  a  note  will  be  added 
giving  his  final  results  at  the  end  of  this  volume  (see  Index). 

t  Ueber  eint  empjindliche  Spectral  Analytische  Reaction  auf  Thonerde  und 
Magnesia. 
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solution  of  piirpurine  should  be  pi-epared  from  purpurine  which 
has  been  purified  by  sublimation,  and  it  should  be  made  very 
feebly  alkaline.  To  test  for  alum  it  is  best  to  take  the  deposit 
from  the  chloroform  process  already  described,  and  dissolve  it  in 
not  more  than  1  cc.  of  water.  2  cc.  of  water  are  now  placed  either 
in  a  test-tube  or  a  little  glass  cell,  and  three  drops  of  a  saturated 
alcoholic  solution  of  purpurine  added,  and  tlien  alkalised  by  a 
drop  of  fourfold  diluted  ammonia  water.  On  observing  this 
solution  by  the  specti'oscope,  it  appears  as  curve  No.  12,  fig.  12. 
A  drop  of  the  alum  solution  is  next  added  :  in  dilute  solutions 
two  bands  gradually  appear;  in  the  presence  of  half  a  milligramme 
of  alum,  the  bands  appear  after  the  lapse  of  several  minutes. 
Magnesia  presents  similar  appearances,  but  is  at  once  distin- 
guished from  alum  by  the  fact  that  the  bands  are  destroyed  by 
the  addition  of  acetic  acid. 

Proodmate  Analysis  of  Flour. 

§  86.  The  constituents  of  flour  to  be  determined  are — 

(1.)  Water. 
(2.)  Fat. 

(3.)  Cold  Water  Extract. 

(4.)  Gluten. 
(5.)  Ash. 

(1.)  The  water  is  taken  in  the  ordinary  way;  that  is,  by 
weighing  carefully  about  1  to  3  grms.  in  a  tared  dish,  and  expos- 
ing it  to  the  heat  of  the  water-bath  until  it  ceases  to  lose  weight. 

(2.)  The  fat,  acconling  to  the  researches  of  Peligot,  must  be 
determined  in  the  perfectly  dry  flour,  eiTor  resulting  in  any  other 
case. 

(3.)  The  cold  extract  is  obtained  by  digesting  10  grms.  of  flour 
in  .5(J0  cc.  of  water,  and  filtering  and  evaporating  down  250  cc. 
in  a  platinum  dish.  According  to  Wanklyn,  100  grms.  of  flour 
yield  to  water — 

Grms. 

Sugar,  gum,  and  dextrine,  .       .       .       •       .       3 '33 
Vegetable  albumen,     ......  0'92 

Phosphate  of  potash,  0  '44 

4-69 

On  igniting  the  extract,  the  ash  should  consist  entirely  of 
phosphate  of  potash.  When  the  weight  of  the  ash  is  known,  it 
may  be  dissolved  in  water,  and  the  quantity  of  phosphoric  acid 

12 
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estimated  by  titration  with  uranium  solution ;  and  if  from  this 
there  is  any  discrepancy  between  the  calculated  phosphate  of 
potash  and  that  found,  the  ash  should  be  carefully  examined. 

The  determination  of  the  sugar  and  dextrine  may  be  made  by 
the  processes  described  at  p.  113  seq.;  but  it  is  usually  sufficient 
to  obtain  merely  the  weight  of  the  cold  extract  and  the  weight  of 
its  ash. 

A  method  of  estimating  the  value  of  flour  by  the  amount  of 
solid  matter  dissolved  by  acetic  acid  has  been  proposed  by  M. 
Robine,  who  has  taken  advantage  of  the  property  which  acetic 
acid,  when  properly  diluted,  has  of  dissolving  the  gluten  and 
albumen,  and  leaving  intact  the  starchy  matters.  The  acetic 
acid  solution  increases  in  density  according  to  the  amount  of 
solid  substances  it  dissolves,  and  he  has  constructed  an  areometer, 
graduated  in  such  a  manner  that  each  degree  represents  the 
value  of  the  flour  expressed  in  a  loaf  of  2  kilometres  weight. 
A  table  is  sold  with  the  instrument,  and  without  doubt,  although 
not  exact  enough  for  the  food-analyst,  the  process  is  of  some 
A'alue  to  the  buyer  of  flour.  The  areometer  is  called  "  Apiyre- 
ciateur  des  Farines."  The  acetic  acid  is  diluted  until  the  "  appre- 
ciateur  "  sinks  to  93°  on  the  scale.  24  grras.  of  flour  of  the  first 
quality  are  taken  for  the  assay,  but  if  the  flour  is  of  the  second 
quality,  then  32  are  taken.  This  quantity  of  flour  is  washed 
successively  with  six  quantities  of  the  acid,  each  time  using 
31 '25  cc,  and  all  the  time  ti^iturating  in  a  mortar.  After  ten 
minutes  the  whole  is  poured  into  a  vessel,  plunged  in  cold  water 
of  exactly  15°,  and  allowed  to  I'emain  at  rest  for  an  hour;  the 
liquid  is  then  decanted,  and  the  "  ajJi^reciateur  "  floated  in  it.  By 
the  number  indicated,  the  number  of  loaves  of  bread  2  kilo- 
grammes in  weight  which  150  kilogrammes  of  the  flour  will  give 
is  at  once  seen. 

(4.)  The  gluten  or  albuminoids  can  only  be  approximately 
determined  by  the  washing  process  desci-ibed  at  page  150  ;  the 
usual  method  is  to  make  a  careful  combustion  of  a  small  weighed 
portion  of  the  flour  with  cuin-ic  oxide,  and  to  measure  the  nitrogen 
obtained,  and  then  to  multiply  the  percentage  of  nitrogen  found 
by  the  factoi',  6*33. 

(5.)  The  ash  is  burnt  in  the  usual  way,  and  is  somewhat 
difficult  to  consume,  especially  if  any  quantity  of  flour  is  taken. 
It  has  been  pi'oposed  to  mix  the  flour  with  nitrate  of  ammonia, 
then  to  heat  carefully,  and  directly  fusion  commences,  to  with- 
draw the  flame,  flour  can  certainly  be  burnt  up  very  quickly 
in  this  way.  If  this  method  should  be  adopted,  it  will  be  very 
necessary  for  the  analyst  to  ignite  a  corresponding  quantity  of 
nitrate  of  ammonia  in  a  platinum  dish,  and  see  whether  any 
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residue  is  left.  Occasionally,  nitrate  of  ammonia  may  be  met 
with  which  is  sufficiently  impure  to  cause  an  error  in  analysis. 
Flour  may  also  be  burnt  up  in  a  platinum  trough  in  a  combustion 
tube.  In  this  case  it  is  most  convenient  to  begin  the  combus- 
tion in  ordinary  air,  and  then  to  finish  in  oxygen.  A  properly 
burnt  flour  ash  should  be  below  1  per  cent.  ;  if  it  attains  1  per 
cent.,  mineral  adulteration  is  probably  present.  (The  method  of 
estimating  alumina  and  silica  in  the  ash  of  flour  is  fully  detailed 
at  pages  169-171,  and  also  the  relationship  between  tlie  silica  and 
the  alumina.) 

Legal  Case  Relative  to  Flour. 
§  87.  The  following  brief  abstract  will  show  the  lines  of 
defence  likely  to  be  adopted  : — 

In  the  month  of  February,  1880,  the  case  of  a  miller  summoned  for  selling 
adulterated  flour  was  heard  at  the  Eckington  sessions.  The  analyst  deposed 
to  having  found  alum,  in  the  jiroportion  of  24  grains  to  4  pounds  of 
flour.  He  obtained  the  alum  as  alum  by  the  chloroform  process.  He  shook 
the  flour  with  chloroform,  which  was  a  heavy  liquid,  the  flour  floated,  and 
the  alum  sank  to  the  bottom;  it  was  from  what  sank  that  he  obtained 
crystals  in  the  characteristic  form  of  alum ;  he  tasted  it,  and  it  had  the 
astringent  taste  of  alum.  It  gave  the  logwood  reaction  such  as  alum  gives. 
He  placed  about  30  grains  of  the  flour  in  the  chloroform,  and  the  precipi- 
tate was  probably  one-eighth  of  a  grain.  He  let  the  chloroform  evaporate, 
and  so  obtained  the  crystals ;  alum  crystallises  in  octohedra  of  the  cubical 
system  ;  the  alum  was  in  the  fragmentary  form  until  water  was  added  to 
the  deposit  from  the  chloroform,  and  the  liquid  filtered  and  evaporated. 
Sihca  crystallised  in  hexagonal  prisms,  and  coukl  not  be  mistaken  for  alum, 
besides,  it  was  insoluble  in  water.  He  had  made  an  analysis  for  the  purpose 
of  estimating  the  quantity  of  alumina  present,  and  found  it  was  in  the 
proportion  corresponding  to  30  grains  of  alum  to  4  pounds  of  flour. 
On  being  asked  whether  clay  and  dirt  might  not  account  for  the  alumina, 
the  answer  was  that  clay  and  dirt  might  be  present  as  a  silicate  of  alumina, 
but  it  would  be  insoluble  in  water,  and  would  not  give  the  reaction  with 
logwood.    The  defence  was — • 

1.  That  the  analyst  was  mistaken. 

2.  That  alum  was  occasionally  used  in  the  mill  for  filling  up  the  cracks  m 
tlie  stones. 

3.  That  the  defendant  had  made  his  flour  lately  from  foreign  grain  on 
account  of  the  bad  quality  of  English  wheat  at  the  time,  and  there  was 
nothing  astonishing  in  finding  24  grains  of  alum  in  such  wheat  although 
perfectly  pure  and  unadulterated. 

An  analyst  was  called  for  the  defence  who  did  not  seem  to  be  acquainted 
with  the  chloroform  test,  but  had  estimated  the  total  ahunina.  The  gist  of 
his  evidence  was  that  he  could  not  say  positively  whether  there  was  alum  or 
not  in  the  flour,  and  that  he  thought  that  so  small  a  (piantity  of  alum  as 
could  be  separated  from  30  grams  could  not  be  idcntilied.  The  matter 
was  then  referred  to  Somerset  House,  and  the  Government  chemists  fully 
confirmed  the  presence  of  alum  in  the  flour.* 


*  Analyst,  1880,  p.  72-86. 
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§  88.  The  terra  Bread  has  been  applied  to  any  form  of  flour 
made  into  bread,  but  that  made  from  wheaten  flour  can  alone  be 
treated  of  here.  Wheaten  bread  is  the  flour  of  wheat  made 
into  a  paste  with  water,  and  the  paste  is  permeated  by  carbon 
dioxide,  either  by  adding  yeast,  which  causes  a  true  fermentation 
with  the  production  of  alcohol  and  carbon  dioxide,  or  the  carbon 
dioxide  is  added  in  solution  in  water  to  the  paste,  as  in  Dauglish's 
system.  The  explanation  of  the  bread-making  process  is  not 
thoroughly  worked  out  in  all  its  details,  but  the  following  theory 
agrees  fairly  well  with  what  is  witnessed :  On  adding  yeast  to  the 
dough,  it  is  placed  on  one  side,  at  a  suitable  temperature,  and 
allowed  to  rise,  that  is,  fermentation  proceeds,  and  there  is  a  con- 
tinual evolution  of  gas;  the  starch  in  some  degree  becomes  changed 
into  sugar,  which  sugar  is  decomposed  into  carbon  dioxide  and 
alcohol.  The  gluten  prevents,  or  rather  retards,  the  escape  of 
the  carbon  dioxide,  and  the  tension  of  the  warm  gas  expands  little 
cells,  and  gives  to  the  bread  its  familiar  light  spongy  appearance. 
The  alcohol  mostly  escapes,  and  although  in  large  bread-making 
establishments  it  would  seem  to  be  feasible  and  economical  to 
recover  the  alcohol,  hitherto  no  really  good  appliance  has  been 
invented  for  this  purpose,  the  apparatuses  which  have  been  tried 
interfering  with  the  baking  of  good  bread.  The  outside  of  the 
loaf,  when  placed  in  the  oven,  is  raised  to  a  temperature  of  from 
210°  to  212°,  but  the  crumb  is  seldom  much  above  100°.  The 
crust  is  to  some  extent  caramelised,  and,  on  analysis,  shows,  as 
might  be  expected,  very  much  less  water  than  the  crumb.  Thus, 
Eivot  found  in  twenty-one  samples  of  bread  from  2045  to 
47 "11  per  cent,  hygroscopic  water  in  the  crumb,  and  16'40  to 
27*44  per  cent,  in  the  crust.  Tracing  one  by  one  the  chief 
chemical  changes  which  the  flour  undergoes  under  the  influence 
of  the  yeast-fermentation  and  subsequent  baking,  we  consider, 

1.  Nitrogenous  Matters. — The  soluble  albumen  becomes  in- 
soluble, and  can  no  longer  be  separated  from  the  starch.  The 
gluten-caseine  and  gluten-fibrine  form  some  intimate  combination 
with  the  starch.  The  gliadin,  howevei",  still  may  be  extracted 
out  of  the  bread,  as  out  of  the  flour,  by  the  action  of  alcohol. 
In  the  crust  there  is  a  partial  destruction  of  the  nitrogenous 
substance.    Thus,  V.  Bibra  found — 

Wheaten  Bread.  Bye  Bread. 

Nitrogen  per  cent.      Nitrogen  per  cent 

Crumb  1-49S  1476 

Crust,   1-363  1-293 
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2.  The  Starch,  as  already  explained,  is  in  part  changed  into 
sugar,  which  sugar  is  further  decomposed  into  carbon  dioxide 
and  alcohol ;  a  part  of  the  alcohol  appearing  as  acetic  acid,  and  a 
part  of  the  sugar  appearing  as  lactic  acid.  There  are  also  other 
volatile  acids  of  the  acetic  series  formed  (notably  with  dirty 
breads),  and  small  quantities  of  butyric  acid  can  be  obtained 
and  identified  if  the  watery  extract  (which,  by  the  way,  always 
reacts  acid)  is  distilled  after  the  manner  of  Duclaux.  All  the 
sugar  formed  is  not  decomposed,  but  the  bread  invariably  con- 
tains more  sugar  than  the  flour  from  which  it  was  made.  A 
portion  of  the  stai'ch  is  also  changed  into  dextrine,  and  through 
all  these  causes  the  bread  contains  always  more  soluble  carbo- 
hydrates than  the  flour. 

3.  The  Fatty  Matters  are  not,  so  far  as  is  known,  changed. 

4.  The  Ash  is  not  changed,  save  by  the  minute  proportion  of 
yeast  ash  which  is  added  to  it,  an  addition  quite  inappreciable. 
Further,  any  salt  added  by  the  baker  increases  a  little  its  weight ; 
but  the  ordinary  method  of  burning  bread  volatilises  very  eff'ec- 
tually  chlorides  of  the  alkalies,  so  that  the  ash  of  bread  is  still 
very  small.  It  has  been  said  that  the  alcohol  escapes,  which  is 
true  with  regard  to  the  bulk  of  the  alcohol.  Alcohol,  however, 
has  a  wonderful  property  of  adhering  to  organic  substances,  and 
Th.  Bolas  has  shown  that  it  can  be  detected  in  fresh  bread 
in  greater  quantities  than  would  d,  priori  have  been  suspected. 
Thus,  he  found  in  six  fresh  samples  of  bread  the  following  per- 
centages of  alcohol : 

Minimum,  '221 

Maximum,  -399 

Mean,  -313 

In  two  of  the  samples  a  week  old,  he  was  able  to  detect  •132 
to  -120  per  cent,  respectively.  On  keeping  bread,  there  is  a 
continual  loss  of  water,  and  it  becomes  "stale"  from  some 
peculiar  molecular  change.  That  this  staleness  is  not  due  to  the 
loss  of  water  is  proved  by  the  simple  experiment  of  re-baking  a 
loaf,  when  it  becomes  for  the  time  fresh  again,  but  more  rapidly 
after  this  process  becomes  stale  and  is  notably  drier.  V.  Bibra 
found  that  a  bread  cannot  be  made  fresh  again  if  it  has  lost 
30  per  cent,  of  water,  but  if  the  loss  of  water  is  below  that,  it  then 
may  be  freshened  by  re-baking.  V.  Bibra  found  that  wheaten 
bread  lost  the  following  percentages  of  water; — 

After  1  day.  3  days.  7  days.  IS  days.  30  days. 

7-71  8-86  14 -05  17-84  18-48 

The  mean  composition  of  wheaten  bread,  from  a  lai-ge  number 
of  analyses  collected  by  Kbnig,  is  as  follows  : — 
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Moan  for 

Mean  for 

Minimum.  Maximum. 

Fine  bread.  Coarse  bread. 

Water,  .... 

26-39 

47-90 

38-51 

41 -02 

Nitrogenous  substances, 

4-81 

8-69 

6-82 

6-23 

Fat,      .       .       .  . 

•10 

100 

•77 

•22 

Sugar,  .... 

•82 

4^47 

2^37 

2-13 

Carbo-hydrates, 

38-93 

62-98 

49-97 

48-69 

Woody  tibre, 

-33 

•90 

•38 

•62 

Ash,      .       .       .  . 

•84 

1-40 

1-18 

109 

The  ash  of  a  properly  burnt  wheaten-flour  loaf  seldom  exceeds 
1  -5  per  cent,  unless  adultei-ated ;  anything  beyond  2  per  cent, 
•would  be  certainly. suspicious  of  a  mineral  addition.  There  has 
recently  been  an  agitation  on  behalf  of  "  -whole  meal  bread,"  anc 
analyses  of  the  greater  richness  of  such  bread  in  azotised  con- 
stituents are  frequently  quoted ;  but  such  a  question  cannot  be 
decided  by  chemical  analysis,  or,  at  all  events,  by  oi-dinary 
analysis,  in  -which  a  few  constituents  are  alone  estimated.  The 
question  is  rather  a  physiologico-chemical  inquiry,  and  the  proper 
-way  to  solve  the  pi-oblem  is  to  go  on  the  lines  of  the  -well-known 
experiments  of  G.  Meyer.  A  healthy  individual  is  taken  and 
fed  on  known  weights  of  the  substance  experimented  upon,  and 
the  amount  of  undigested  substance  recovered  fi'om  the  faeces 
is  weighed.    Meyer  thus  experimented  on — 

(1.)  Horsford-Liebig  bread,  which  is  made  without  the  addition 
of  yeast  or  leaven,  the  carbon  dioxide  being  developed  by  the 
action  of  bicai'bonate  of  soda  on  phosphate  of  potash. 

(2.)  Munich  rye  bread,  prepared  from  rye  bread  and  coarse 
wheat  meal  and  leaven. 

(3.)  White  wheaten  bread. 

(4.)  North  German  black  bread  {Pumpernickel)  prepared  out 
of  whole  rye  meal,  and  with  the  use  of  leaven. 

The  amount  of  dry  substance,  &c.,  absorbed  in  percentages  of 
these  different  breads,  was  found  to  be  as  follows  : — 

Dry  Substance.  Nitrogen.  Ash. 

1.  The  Black  Bread,     .       .       .       80-7          57-7  3  4 

2.  Horsford-Liebig  Bread,     .       .       88-5         67-6  61  9 

3.  Rye  Bread,       .       .       .       .       89  9          77  8  69-5 

4.  White  Bread,    ....       94  4          80-1  69-8 

It  is  thus  shown  that  of  the  black  bread  a  person  would  have 
to  eat  very  much  more  than  of  white  bread.  The  white  Avheaten 
bread  was  nearly  all  absorbed.  That  this  experiment  was  not  made 
with  whole  wheaten  meal  is  true,  but  it  still  unmistakably  ca.sts 
some  doubt  on  the  question  as  to  whether  whole  meal  would  be 
more  nourishing  than  pure  white  flour. 

Alterations  of  Bread  by  Moulds,  dx. — Eed,  green,  orange,  and 
black  spots  occasionally  appear  on  bread,  and  there  are  several 
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instances  on  record  of  great  damage  and  loss  from  such  parasitic 
diseases. 

In  1856,  in  France,  M.  Poggiale  was  commissioned  to  examine 
22,000  rations  served  out  to  the  French  troops,  the  bread  of 
which  had  turned  a  bluish-black.  The  bread  had  been  made 
of  inferior  grain,  but  it  also  contained  an  enormous  number  of 
bacteria.  Rather  frequently,  also,  bread  and  other  foods  have 
been  attacked  by  an  orange-red  growth,  which  has  been  attri- 
buted to  a  fungus,  to  which  has  been  given  the  popular  name 
of  the  red-bread  fungus,  its  scientific  appellation  being  Oidium 
aurantiacum.  A  red  algse  sometimes  appears  on  bread ;  it  has 
been  named  the  Palmella  prodigiosa,  and  has  been  specially 
studied  by  Dr.  Antoine  Franchini,  of  Bologna.  To  the  eye,  the 
algse  resembles  almost  exactly  drops  of  blood.  It  is  composed 
of  cells  and  filaments  filled  with  a  bright  red  colouring-matter, 
which  would  well  repay  examination. 

The  more  common  moulds  of  bread  are  the  whitish  Mucor 
mucedo,  the  green  Aspergillus  glaucus,  and  the  black  Ehizopus 
nigricans.  It  has  not  yet  been  established  that  any  of  the 
moulds  or  growths  enumerated  are  in  themselves  injurious  to 
health;  but,  as  may  be  expected,  they  damage  the  bread,  making 
it  deficient  in  nourishment,  and  unpalatable. 

§  89.  Adulterations  of  Bread. — The  adulterations  of  bread 
enumerated  by  writers  are  sufficiently  numerous,  but  those 
actually  proved  to  exist  are  but  few.  Among  organic  additions 
rice  flour,  potatoes,  bean  flour,  and  pea  flour  are  usually  given  ; 
among  mineral,  alum,  borax,  sulphate  of  copper,  sulphate  of  zinc, 
chalk,  and  carbonate  of  magnesia. 

In  1843  and  1847,  some  bakers  in  Belgium  were  convicted  of 
adding  sulphate  of  copper  to  their  bread,  and  this  fraud  has  been 
repeated  a  few  years  ago  by  a  baker  of  Calais.  There  is,  however, 
no  reason  to  believe  that  English  bakers  are  addicted  to  these 
practices,  and,  as  a  fact,  no  conviction  has  been  obtained  save  for 
the  use  of  alum.  The  detection  of  rice  flour,  bean  flour,  foi-eign 
seeds  is  to  be  undertaken  in  the  same  way  as  described  in  the 
sections  on  flour,  save  that  here  the  chemical  tests  are  more  useful 
than  the  microscopical.  It  is  an  extremely  difficult  thing  to 
detect  and  identify  most  starches  when  they  have  been  swollen 
by  heat  and  altered  by  fermentation.  The  only  feasible  course 
appears  to  be  to  make  bread  of  flour  adulterated  with  the  sub- 
stance suspected  to  be  present,  and  examine  sections  and  wash- 
ings of  such  bread  side  by  side  with  similar  sections  and  washings 
of  the  suspected  bread.* 

*  An  exception  may,  perhaps,  be  made  to  this  statement  in  the  case  of 
potato  starch,  which  may  be  recognised  tolerably  easily  even  in  bread. 
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§  90.  Alum  in  Bread. — Alum  is  added  to  bad  or  slightly 
damaged  flour  by  both  the  miller  and  the  baker.  Its  action, 
according  to  Liebig,  is  to  render  insoluble  gluten  which  has  been 
made  soluble  by  acetic  or  lactic  acids  developed  in  damp  flour, 
and  it  hence  stops  the  undue  conversion  of  starch  into  dextrine 
or  sugar. 

The  influence  of  alum  on  health,  in  the  small  quantities  in 
which  it  is  usually  added  to  bread,  is  very  problematical,  and 
rests  upon  theory  more  than  observation.  But  notwithstanding 
the  obscurity  as  to  its  action  on  the  economy,  there  can  be  no 
diflerence  of  opinion  that  it  is  a  serious  adulteration,  and  not  to 
be  permitted. 

In  searching  for  alum,  the  crust  and  the  crumb  should  be 
analysed  separately;  for  many  bakers  use  for  the  latter  a  flour 
technically  called  "  cones,"  which  is  strongly  alumed,  and  pre- 
pared from  a  fine  species  of  wheat  grown  in  the  south  of  Europe, 
mixed  with  rice.  This  mixture  is  used  for  dusting  the  kneading 
trough  and  kneading  boards  ;  in  point  of  fact,  for  "facing  "  the 
sponge  previous  to  baking  it.  To  search  for  alum  in  the  crust, 
there  is  no  other  method  save  burning  to  an  ash,  as  shortly  to  be 
described  ;  but  with  regard  to  the  crumb  of  bread,  the  qualitative 
test  is  the  same  as  for  flour — viz.,  an  ammoniacal  tincture  of  log- 
wood. From  300  to  400  grains  of  bread  are  crumbled  in  distilled 
water,  and  a  slip  of  pure  gelatine  added,  and  the  whole  allowed 
to  soak  for  twelve  hours.  On  dissolving  the  gelatine  in  a  little 
logwood,  to  which  its  own  volume  of  a  ten  per  cent,  solution  of 
ammonium  carbonate  has  been  added,  if  the  bread  is  pure  the 
solution  will  be  reddish-pink;  if  the  bread  is  alumed,  the  solution 
will  be  blue,  and  exhibit  the  spectroscopic  appearances  described 
in  the  note  at  the  end  of  this  volume  (see  Index).  This  blue 
colour  is  not  absolutely  decisive  of  alum,  for  bread  adulterated 
with  magnesia  carbonate  exhibits  the  same  reaction;  but  if  such 
a  colour  is  produced,  the  bread  requires  further  examination. 

The  author,  in  some  special  researches,  has  recently  discovered 
that  a  certain  portion  of  alum  may  always  be  washed  out  of 
bread  as  alum.  He  employs  the  following  process  :  the  bread 
is  soaked  in  water  for  at  least  twenty-four  hours  (about  2 
litres  of  water  are  used  to  100  grms.  of  bread).  The  bread  is 
separated  by  means  of  a  sieve,  and  the  mass  afterwards  pressed 
in  a  cloth,  ultimate  clear  filtration  being  obtained  when  necessary 
by  aid  of  the  mercury  pump.  This  extract  may  be  concentrated 
in  a  platinum  dish,  and  when  cooled  a  slip  of  gelatine  allowed 
to  steep  in  a  portion  over  night.  The  gelatine  on  being 
stained  with  logwood  will  exhibit  a  blue  colour,  if  magnesia  or 
alum  is  present.    Another  portion  of  the  extract  is  dried  and 
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burnt  up  in  the  usual  way,  as  in  the  process  to  be  described,  and 
the  phosphate  of  alumina  separated.  The  phosphate  of  alumina 
is  now  fused  with  sodic  sulphate,  the  result  of  the  fusion  being 
sodic  phosphate  and  alumina.  The  sodic  phosphate  is  washed 
out  with  water;  the  alumina  boiled  with  a  drop  or  so  of  dilute 
sulphuric  ;  and  to  the  sulphate  of  alumina  thus  obtained,  a  little 
solution  of  ammonia  is  added,  and  the  whole  put  in  a  watch- 
glass  to  crystallise  over  sulphuric  acid.  To  obtain  crystals  in 
this  way  is  often  very  difficult,  but  that  alum  is  really  present 
can  be  readily  proved  by  the  reactions  of  the  solution  with 
reagents.  By  strictly  following  these  directions,  a  very  small 
quantity  of  alum  can  be  detected.  In  a  test  experiment  in  a 
sample  of  bread  in  which  5  gi'ains  of  alum  had  been  added,  it 
was  found  possible  to  obtain  1  -o  in  aqueous  solution. 

The  quantitative  method  for  estimation  of  the  total  alumina 
in  bread,  as  originally  proposed  by  Dupre,  and  slightly 
modified  by  Wanklyn,  is  as  follows  : — 100  grms.  of  bread  are 
incinerated  in  a  platinum  dish,  until  the  ash  does  not  exceed  2 
grms.  in  weight.  The  ash  is  then  moistened  with  3  cc.  of  pure 
strong  hydrochloric  acid,  and  20  to  30  cc.  of  distilled  water 
added  ;  the  whole  is  boiled,  filtered,  and  the  pi-ecipitate  (consist- 
ing of  unburnt  carbon  and  silica)  well  washed,  dried,  burnt, 
and  weighed.  To  the  filtrate  containing  the  phosphates,  5  cc. 
of  strong  solution  of  ammonia  are  added.  If  the  bread  has 
been  alumed,  the  ])hosphates  now  precipitated  are  those  of  lime, 
magnesia,  iron,  and  alumina,  of  which  the  latter  (viz.,  jjhosphate 
of  iron  and  alumina)  are  insoluble  in  acetic  acid,  so  that  their 
separation  is  easy.  The  liquid  is  strongly  acidified  with  acetic 
acid,  boiled  and  filtered,  and  the  phosjihates  of  alumina  and  iron 
washed  and  weighed.  Unless  the  liquid  has  been  acidified 
sufficiently,  phosphate  of  lime  contaminates  the  precipitate  and 
vitiates  the  results,  so  that  this  is  an  essential  point.  The  last 
step  is  resolution  of  the  precipitate  in  acid,  and  the  estimation 
of  the  iron;  this  is  usually  best  efiected  by  a  colorimetric  process. 
A  standard  solution  of  metallic  iron  is  made  by  dissolving  a 
gramme  of  fine  iron  wire  in  nitro-hydrochloric  acid,  precipitating 
with  ammonia,  washing  the  peroxide  of  iron,  and  dissolving 
it  in  a  little  hydrochloric  acid,  and  diluting  accurately  to  1 
litre  [1  cc.  =  1  mgrm.  of  metallic  iron].  On  now  adding  to  an 
unknown  very  dilute  solution  of  iron  a  known  quantity  of  strong 
ammon.  sulphide,  a  certain  colour  is  produced,  and  this  colour 
is  exactly  imitated  in  the  usual  way  by  a  similar  quantity 
of  ammon.  sulphide  and  the  standard  solution,  the  whole  opera- 
tion being  conducted  on  the  well-known  princi])los  of  colorimetric 
estimation.    The  amount  of  iron  in  the  precipitate  being  known. 
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it  is  calculated  into  phosphate,  and  the  phosphate  of  iron  sub- 
tracted from  the  total  weight  of  the  precipitate  gives  the 
weight  of  the  phosphate  of  alumina.  From  Mr.  Wanklyn's 
experiments  it  would  seem  that  in  the  case  of  bread  ash,  it 
is  unnecessary  to  evaporate  the  hydrochloric  solution  to  dryness, 
as  is  usually  done,  and  that  the  separation  of  silica  is  complete 
by  the  method  just  detailed. 

Another  perfectly  valid  way  of  estimating  alumina  in  bread 
or  flour,  consists  in  a  modification  of  the  old  Normandy  proces.s. 
The  bread  is  burnt  up  as  before,  the  ash  powdered  and  treated 
with  hydric  chloride,  diluted  with  water,  boiled,  and  filtered. 
The  filtered  solution  is  again  boiled,  and  whilst  boiling  poured 
into  a  very  strong  solution  of  sodic  hydrate,  the  whole  boiled, 
filtered,  and  washed.  To  the  filtrate  is  added  a  few  drops  of 
disodic  phosphate,  it  is  then  slightly  acidified  with  hydric 
chloride,  and  subsequently  rendered  just  alkaline  by  ammonia. 
The  precipitate  is  collected,  washed,  and  weighed  as  alumina 
phosphate. 

The  following  table  will  be  of  use  in  the  conversion  of  phos- 
phate of  alumina  into  alum  : — 


Phosphate  of  Alumma,           Ammonia  Alum,  Potash  Alum, 
AlaOftPOs.                  NH4,Al,2SOi.l2H20.  KA1,2S04,12H30. 

Parts.  Parts.  Parts. 

1  =  3-733  4-481 

2  =  7-466  8-962 

3  =  11-199  14-443 

4  =  14-932  17-924 
6  =  18-665  22-405 

6  =  22-398  26-886 

7  =  26-131  31-367 

8  =  29-864  35-848 

9  =  33-597  40-329 
10  =  37-336  44-813 


If  it  is  desired  to  separate  the  phosphoric  acid,  the  phosphates 
of  alumina  and  iron  may  be  treated  with  six  times  their  weight  of 
sodic  sulphate,  as  before  stated.  Since,  when  operating  in  the 
usual  way,  the  alumina  is  not  recovered  as  alum,  but  as  a  salt 
of  alumina,  it  is  of  importance  to  know  whether  alumina  is  con- 
tained in  unadulterated  flour,  and  if  so  in  what  quantity.  It  is 
certain  that  properly  cleansed  wheat  contains  no  trace  of  alumina; 
but  particles  of  clay  from  the  ground,  as  well  as  sand  from  the 
millstones,  do  as  a  fact  get  into  wheat  flour,  and  there  is  no  second- 
class  flour  in  commerce  whicli  does  not  contain  some  small  per- 
centage of  alumina.  It  might  be  expected  that  this  adventitious 
alumina  would  have  some  sort  of  relationship  to  silica,  for  it 
may  be  presumed  to  exist  as  silicate  of  alumina.    We  fortunately 
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possess  a  few  analyses  by  Dr.  Dupre,  and  an  elaborate  research 
of  Mr.  Carter  Bell,  which  will  very  fairly  settle  the  question. 
Dr.  Dupre  analysed  twelve  commercial  samples  of  flour,  none  of 
which  gave  any  reaction  with  the  logwood  test,  and  the  results 
of  the  quantities  of  alumina  and  silica  are  as  follows  : — 

Alumina,  Silica, 

Per  cent,  of  Ash.  Per  cent  of  Ash.  Ratio. 

MiDimnm,     ...         -63        .         3-08  1:4-7 

Maximum,     .       .       .       3-72  26-91  1  :  7  2 

Mean,    .       .       .       .       1-98  10'4  1  :  5  2 


Mr.  Carter  Bell  analysed  no  less  than  forty  samples  of  floixr, 

none  of  which  contained  alumina  as  alum,  and  the  following  are 
the  main  results  : — 

Alumina.         Silica.  Ratio. 

Minimum,       .       .       ,       -003          "009  1:3-0 

Maximum,      .       .       .       -Oil          -109  1  :  9-1 

Mean,     ....       -004          "034  1:8-6 


Mr.  Carter  Bell  also  analysed  thirty-two  samples  of  bread, 
none  of  which  gave  any  reaction  with  the  logwood  test;  the 
main  results  of  these  analyses  are  as  follows  : — 

Iron  Alumina 

Water.  Silica.       Phosphate.  Phosphate. 

Minimum,  .       .       .       40-30  -010  "0005  -  0022 

Maximum,  .       .       .       49-50  '039  "0040  -0082 

Mean,        .       .       .       45-56  -016  -0018  -0049 

In  these  last  researches  with  relation  to  bread,  the  ratio 
between' the  silica  and  alumina  is  1  of  silica  to  7-1  of  alumina. 
If  the  alumina  is  translated  into  alum,  the  important  result  is 
obtained  that  the  number  of  grains  of  alumina,  if  calculated 
into  alum,  about  equals  the  silica.  Thus,  in  the  mean  of  the 
thirty-two  samples  of  flour,  the  alumina  was  4  mgrms.  Now  4 
mgrms.  -004  of  alumina  is  equal  to  -035  of  ammonia  alum,  and  the 
silica  is  -034.  Or,  again,  if  the  mean  numbers  of  the  silica 
and  alumina  of  the  thirty-two  samples  of  bread  are  taken,  there  is 
-016  silica  to  -019  of  the  phosphate  of  alumina  tm-ned  into  alum. 
This,  if  calculated  on  the  4  lb.  loaf,  would  be  a  little  over  5  grains 
of  alum.  Hence  fi-om  these  researches  it  is  clear,  that  in  cases 
in  which  the  analyst  finds  the  presence  of  alum  in  bread  from 
tests  detailed,  and  then  burns  a  quantity  of  the  bread  up,  and  in 
the  ash  estimates  the  ])hosphate  of  alumina  and  the  silica,  it  will 
be  a  perfectly  fair  calculation,  to  alloio  for  every  part  of  silica 
found  one  part  of  alum,,  and  this  quantity  is  to  be  deducted,  as 
natural  to  the  flour  in  the  final  calculation. 
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CHILDREN'S  FARINACEOUS  FOODS. 

§  91.  There  are  a  great  variety  of  farinaceous  foods  in  com- 
merce, most  of  them  entirely  unsuited  to  be  the  food  of  young 


TABLE  XIL— INFANTS'  FARINACEOUS  FOODS. 


Salts. 

Fat. 

Album- 
inoids. 

Carbo-hydrates. 

1.  Biscuit  foods,  made  from  baked 



Soluble 

Insoluble 

wheat  flour  and  condensed 

in  Cold 

in  Cold 

milk  : — 

Water. 

"Water. 

iSestles,     .       ,       ,       ,  . 

2-17 

o  d7 

9  00 

41 '16 

37-85 

,,  ..... 

1-85 

4-75 

10^96 

76 

•08 

,,  ..... 

1  70 

9  50 

78 

•72 

Gerber  &  Co.,  m  inun, 

1  45 

4  75 

13^69 

7o 

.no 

Anglo -Swiss,  .... 

1-74 

5^02 

1033 

43  51 

33  55 

,,  .... 

t  .AC 

1  4d 

0  44 

O  .O  A 

0  o4 

48^5 

27^95 

GifiFey,  Scheele  &  Co.,  in  Rohr- 

bach,  ..... 

1-78 

4-34 

12^86 

47-68 

29^94 

Faust  and  SchunsterinGottingen, 

1-76 

5-83 

1071 

48 -62 

27-59 

)»  )» 

1-85 

4-75 

10  96 

39-12 

34-70 

II.  Other  varieties  of  condensed 

infants'  foods  : — 

Gerber's  lacto-leguminose,  . 

2  to  3 

5  to  6 

18to20 

70  to 

65 

(0-4  to 

•05  of 

Liebig's  children's  soup. 

SOs) 
1-71 

0^82 

8-41 

48 

-61 

,,      lacto-leguminose,  . 

3  01 

134 

20-47 

16 -25 

49-41 

French's  children's  flour,  . 

2  00 

(according  to  the  German  patent 

(•69 

4^26 

16  80 

71 

-09 

made  of  sugar  mixed  with  wheat 

POJ 

flour.) 

Ridge's  food,  .... 

113 

1-95 

9-65 

8-12 

75-47 

(a  mixture  of  various  flours.) 

Dr.  Coffin's  food,  N.Y.,  , 

3-02 

1^59 

17-15 

35-12 

34-82 

(made  chiefly  from  leguminose 

flours. ) 
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infants.  A  child  at  the  breast  is  more  of  a  carnivorous  than  an 
omnivorous  animal ;  and  will  digest  all  kinds  of  meat-broth, 
meat  itself,  and  albuminous  fluids  with  comparative  ease ;  but  if, 
instead  of  the  natural  milk  of  the  mother,  a  large  amount  of 
starchy  and  saccharine  food  is  given,  so  little  may  be  digested 
that  the  infant  is  starved. 

Some  of  the  farinaceous  foods,  like,  for  example,  "  Poison's 
Patent  Flour,"  consisting  of  the  flour  of  Indian  corn,  are  made 
entirely  from  one  ingredient ;  the  majority  are,  however,  mix- 
tures of  starchy,  saccharine,  and  albuminous  powders. 

A  few  examples  of  these  foods  are  given  in  the  preceding 


§  92.  Of  the  various  species  of  oat  the  Avena  saliva  and  Avena 
orientalis  are  the  two  chief  species  now  cultivated  ;  but  the 
varieties  of  these  two  species,  according  to  soil,  method  of  culti- 
vation, &c.,  are  very  great. 


Fig.  21  is  a  section  of  tlie  oat,  x  190  :  a  is  the  outer  layer  corresponding 
to  the  bran  of  wheat  ;  h,  the  cells  of  the  inner  covering  of  the  seed  ;  c,  the 
i<luten  cells  ;  d,  starch-holding  cells.  The  starch  granules  at  B  are  multi- 
plied by  350. 

As  met  with  in  commerce,  oats  consist  of  the  seeds  enclosed 
in  their  palese  or  husk.  The  mean  composition  of  the  ground 
oats,  or  oatmeal,  is  as  follows  : — 


Table  (XII.) 


OATS,  OATMEAL. 


Water, 

Nitrogenous  matter. 
Fat,  . 
Sugar,  . 

Dextrine  and  gum. 


Starch, 
Fibre,  . 
Ash, 


2-  04 
51-17 
10-8.3 

3-  05 


OATS,  OATMEAL. 
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The  nitrogenous  substance  is  composed  of  gliadin  and  plant- 
caseine.  The  "gliadin"  (according  to  H.  Ritthausen  and  U. 
Kreusler)  has  a  much  higher  percentage  of  sulphur  than  the 
gliadin  of  wheat;  the  sulphur  being  1-66  per  cent,  of  the  sub- 
stance, while  wheat  gliadin  has  -85  per  cent,  of  sulphur.  The 
plant-caseine  has  the  composition  of  legumin,  but  the  properties 
of  gluten-caseine.  Von  Bibra  also  states  that  oatmeal  has  1-24 
to  1"52  per  cent,  of  albumen.  The  oat  possesses  a  greater  pro- 
portion of  fat  than  other  cereals.  The  composition  of  the  fat  is 
as  follows  [Konig] : — 

Per  cent. 

.       •       •       •       ■  2*8 


Glycerine,  .... 
Oleic  acid,  .... 
Stearic  and  palmitic  acids, 

Hence  it  follows  that  there  is  some  free 
position  of  the  ash  of  oats  is  as  follows  :- 


Potash, 
Soda,  . 
Lime,  . 
Magnesia, 
Ferric  oxide, 
Phosphoric  acid. 
Sulphuric  acid, 
Silica,  . 
Chlorine, 


CO -5 
36-7 


fatty  acid.*    The  com- 


Per  cent. 
17-00 
2-24 
373 
7  06 
•67 
23-03 
1-36 
44-33 
•58 


The  richness  of  oats  in  oily  matters  and  in  protein  compounds 
i.s  an  explanation  of  its  great  nutritive  powers. 

Adulteration. — The  chief  adulteration  of  oatmeal  is  with  barley- 
meal,  and  more  than  one  conviction  has  taken  place  in  this 
country  for  quantities  of  from  about  15  per  cent.  The  method 
of  detecting  and  estimating  this  adulteration  is  wholly  by  micro- 
scopical means,  and  is  detailed  at  page  1.39.  The  defence  which  is 
to  be  expected  in  pi-osecutions  for  adulterated  oatmeal  is,  that 
the  barley  has  become  mixed  with  the  oats  in  an  accidental 
manner.  As  a  fact,  genuine  samples  of  oatmeal  frequently  con- 
tain some  barley  starch,  so  that  it  is  only  a  question  of  quantity. 
Should,  however,  the  barley  starch  show  anything  like  2  or  3  per 
cent.,  such  percentages  have  not  been  yet  known  to  occur  save 
as  wilful  or  fraudulent  admixture  in  oatmeal,  and  the  analyst 
should  not  have  the  slightest  hesitation  in  certifying  and  letting 
the  case  be  tried  upon  its  merits. 


*  There  is  some  free  acid,  if  the  amount  of  glycerine  is  correct  ;  but  the 
sa|)oni(ication  was  by  load  oxide,  which  gives  a  lower  percentage  of  glycerine 
than  when  potash  is  used. 
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BARLEY. 

§  93.  There  are  several  species  of  barley  under  cultivation  in  this 
untry,  all  of  which  may,  however,  be  considered  as  varieties  of 

the  following  species 
of  hordeum  :  —  H. 
lieaxistichon,  H.  vul- 
gare,  U.  zeocriton, 
and  H.  dislichon.  It 
is  used  as  a  food  in 
the  form  of  "  barley- 
meal,"  the  grain  be- 
ing ground  whole, 
and  as  pearl  barley,  ! 
the  latter  being  the  ( 
grain  deprived  of  its 
coverings  and  round- 
ed by  attrition. 
Barley-meal  in  the 
time  of  Charles  I. 
almost  entirely  took 
the  place  of  wheat 
as  the  food  of  the  common  people,  especially  in  the  north  of 
England.    The  composition  of  barley-meal  is  as  follows  : — 


Per  cent. 

Water,   15-06 

Nitrogenous  substances  (albumen,  1-0  to  17  per  cent.),  •  1175 

Fat   1-71 

Carbo-hydrates  (sugar,  1*2;  dextrine,  1'7),    .       .       •  70  "90 

Woody  fibre,  .       .       .       .       .       .       .       .       .  "11 

Ash,   -47 


The  nitrogenous  substances  are,  it  would  appear,  similar  to 
those  of  wheat,  comprising  albumen,  gliadin,  gluten-caseine, 
gluten-fibrine,  &c.  The  constituents  of  the  ash  of  barley  are  as 
follows  : — 

Per  cent. 


Potash,   20-15 

Soda,   2-53 

Lime,   2-60 

Magnesia,    .       .       .       .       •       .  8 '62 

Ferric  oxide,   "97 

Phosphoric  acid,   34-87 

Sulphuric  acid,   1-39 

Silica,   27-64 

Chlorine,      ......  '93 


Bai'ley-meal  is  used  as  an  adulterant  of  various  foods,  but  in 


Fig.  22  is  a  section  of  barley,  x  190  :  a  is  the 
layer  of  cells  forming  the  outer  coat  of  the  seed  ; 
6,  the  inner ;  c,  the  gluten  cells,  and  d  the  starch- 
holding  cells.    B,  barley  starch,  x  350. 
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itself  it  is  little  tampei'ed  with.  The  detection  of  adulterations 
is  mainly  microscopical,  and  the  dimensions  and  appearances  of 
barlej-starcli  are  described  at  page  142. 

Barley  Bread. — -Barley  bread,  though  bnt  little  used  in  Eng- 
land, is  eaten  in  some  parts  of  the  Continent.  The  mean  of  two 
analyses  by  Von  Bibra  is  as  follows  : — 

Per  cent. 


Water,   12-39 

Nitrogenous  substances,      .       .       .  5-91 

Fat,   -90 

Sugar,   3-95 

Carbo-hydrates,   7r03  ^ 

Woody  libre,   5-6a 


RYE. 

§  94.  The  seed  of  the  Secale  cereale,  in  the  form  of  i-ye-bread,  was 
once  a  common  article  of  diet  in  England,  and  it  is  now  used 
as  the  daily  bread  of  the  northern  European  nations.  The  mean 
composition  of  rye  flour  is  as  follows  :  — 

Per  cent. 


Water,   14-24 

Nitrogenous  substances,      .       .       .  10-97 

Fatty  matters,   1-95 

Sugar,   3-88 

Gum,   7-13; 

Starch,   58-73 

Woody  fibre,   1-62 

Ash   1-48 


The  nitrogenous  substances  in  rye  are  made  up  of  albumen, 
mucedin,  and  gluten-caseine,  but  gluten-fibrine  and  gliadin  do 
not  appear  to  be  present.  The  fat  extracted  from  the  rye  has, 
according  to  Ko-nig,  the  following  composition  : — 

Per  cent. 

Glycerine,  1-30 

Oleic  acid,  91  -GO 

Palmitic  and  stearic  acids,     .       .       .  8-10 

It,  therefore,  consists  only  in  part  of  glycerides,  some  of  the 
acids  being  in  the  free  state.*  The  gum,  according  to  M.  H. 
Ritthausen,  is  soluble  in  alcohol,  and  has  the  ordinary  composi- 
tion of  gum. 

•  The  fat  was  saponified  by  lead  oxide.  (See  the  note  on  page  175,  and  the 
observations  in  the  article  on  "  Olive  Oil.") 
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The  ash  of  the  rye -flouv  has,  according  to  V.  Bibra,  the  follow- 
mg  composition : — 

Per  cent. 


Potash,   38-44 

Soda   1-75 

Lime,   102 

Magnesia,   7  '99 

Ferric  oxide,        .....  2 '54 

Phosphoric  acid,   48  '26 

Sulphuric  acid,  . 

Chloriue,  ...... 


The  composition  of  fresh  rye-bread,  according  to  twenty- 
seven  analyses,  from  various  sources,  collected  by  Konig,  is  as 


follows  : — 

Minimum.  Maximum.  Mean. 

Per  cent.  Per  cent.  Per  cent. 

Water,         .       .       .       35-49  48-57  44-02 

Nitrogenous  matters,    .        3-49  9-22  6  02 

Pat  0-10  -83  -48 

Sugar                                  1-23  4-55  2-54 

Carbo-hydrates,    .       .       32-82  51-13  45-33 

Pibre                                    -29  -39  -30 

Ash,     ....          -86  3  08  1  31 


None  of  the  cereals  are  so  liable  to  become  ergotised  as  rve. 
[See  vol.  ii..,  article  on  "  Ergot."]  Roasted  rye  has  been  used  to 
adulterate  coffee,  chicory,  and  other  substances.  It  furnishes,  by 
appropriate  treatment,  a  good  malt  for  the  distillation  of  spirits, 
and  is  used  in  the  manufacture  of  Hollands. 


RICE. 

§  95.  Rice  is  obtained  from  the  Oryza  saliva,  and  the  term  is 
popularly  applied  only  to  the  seed  denuded  of  husk  and  inner 
cuticle,  the  composition  of  which  is  as  follows  : — 

Per  cent 

Water,      .  1441 

Nitrogenous  substance  C-94 

Pat   -51 

Starch,  77-61 

Woody  fibre,   -OS 

Ash,   -45 

The  oil  which  is  obtained  from  the  rice  embryo  has  a  density 
of  -924  at  15°,  and  at  5°  becomes  thick  and  buttery;  it  contains 
much  oleine  and  an  albuminous  substance.* 


*  A.  Pavesi,  and  E.  Rotondi,  Gazetta  Cheviica  Italiana,  iv.  192-195. 
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Pel'  cent. 


Potash   21-73 

Soda,   5-50 

Lime   .3  24 

Magnesia   11  -20 

Ferric  oxide,   1-2.3 

Phosphoric  acid,   53 '68 

Sulphuric  acid,          ......  -62 

Silica.       ...       .       .       .       .       .       .  270 

Chlorine   -10 


Rice  is  said  to  be  adulterated  from  time  to  time  with  other 
starches,  but  it  is  in  itself  so  cheap  that  it  is  more  likely  to  be 


Fig.  2.3  represents  the  microscopical  structure  of  rice.  The  figure  is  a  section 
of  the  seed,  x  190.  a,  is  the  outer  husk,  c,  the  gluten  cells,  and  d,  the  starcli- 
holding  cells.    B.  The  starch  cells,  x  350. 

used  as  an  adulterant  than  tampered  with.  The  microscopical 
examination  of  a  sample  would  easily  detect  any  foreign  matters. 
The  size  and  characters  of  the  little  granules  have  been 
already  desci-ibed  at  page  143,  and  ai-e  entirely  different  from 
all  the  other  starches.  A  chemical  method  of  detecting  the 
falsitication  of  rice  has  been  proposed  by  M.  Van  Bastelaer.  It 
ajjpears  that  a  saturated  solution  of  picric  acid  does  not  cause  the 
least  precipitate  in  a  cold  watery  extract  of  rice;  but  if  maize 
starch,  leguminous  starches,  or  other  matters  be  present,  there  is 
a  more  or  less  abundant  precipitate.  The  quantities  recommended 
are  20  grms.  of  the  powdered  rice  steeped  for  an  hour  in  100 
grins,  of  water,  and  then  the  infusion  decanted  ;  to  this  infusion 
the  picric-acid  test  is  applied. 
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MAIZE. 

§  96.  Maize,  or  Indian  Corn  {Zea  Mays),  a  native  of  tropical 
America,  is  extensively  cultivated  in  America,  Africa,  Southern 
Europe,  Germany,  and  other  countries.  It  is  ordinarily  met 
with  as  the  Indian-corn  meal  of  the  shops,  and  forms  the  basis  of 
many  "infants'  foods;"  its  use  appears  to  be  on  the  increase. 
According  to  a  recent  analysis  of  A.  Riche,  maize  has  the 
following  composition  : — 

Per  cent. 


Water   17-10 

Starch,   59-00 

Albumeu,   12  80 

Oil,   7-00 

Dextrine  and  sugar,   ......  1-50 

Cellulose,   150 

Ash,   rio 


100  00 

According  to  Konig,  the  fatty  matter  of  the  maize  contains 
G-46  per  cent,  of  glycerine,  79-87  percent,  of  oleic  acid,  and  16-14 
l)er  cent,  of  stearic  and  palmitic  acid.  The  mean  composition  of 
the  ash  from  nine  analyses  of  maize  is  as  follows : — 

Per  cent. 


Potash,   21-73 

Soda,   5-50 

Lime,   3-20 

Magnesia,   11-20 

Ferric  oxide,      .......  1-23 

Phosphoric  acid,   53-68 

Sulphuric  acid,  .......  -62 

Silica   2-74 

Chlorine,   -10 


100-00 


Fig.  24  represents  a  section  of  the  seed,  x  190  ;  and  B.  the  starch,  x  .^50. 
a  Us  tlie  outer  husk ;  b,  the  inner ;  c  is  the  gluten  cells  :  d,  the  starch- 
holding  cells. 
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An  aqueous  decoction  of  maize  gives  with  a  little  iodine  a 
l)eculiar  reddish-purple  colour.  On  placing  the  iodised  decoction 
in  the  dark,  after  some  eight  to  twelve  hours  the  precipitate 
becomes  dirty  white,  and  the  supernatant  fluid  milky;  if  an 
excess  of  iodine  is  added  the  precipitate  is  then  red,  but  it  also 
becomes  decolourised  in  the  dark.  Maize  is  said  to  be  occasionally 
adulterated  with  potato  starches,  «tc. ;  these  a  mici'oscopical 
examination  will  at  once  detect.  M.  Genin  has  given  certain 
chemical  reactions,  based  upon  the  different  hues  which  mixtures 
of  maize  and  potato  starch  assume  when  treated  with  iodine,  and 
also  a  process  based  on  the  volume  which  a  precipitate  obtained 
by  lead  acetate  in  an  alkaline  extract  occupies  in  pure  and 
adulterated  samples.  These  processes  are,  howeVer,  far  too  loose 
to  be  of  any  service. 


MILLET. 

§  97.  The  millet  seeds  are  derived  from  two  species  of  panicum, 
Fanicum  miliaceum  and  Panicum  italicum.  It  is  extensively  used 
among  the  Chinese  and  Eastern  races  as  an  article  of  diet,  and  its 
nutritive  power  is  about  equal  to  that  of  rice.*  The  average 
composition  of  millet  deprived  of  its  coverings,  according  to  six 


analyses,  is  as  follows  (Kiinig)  : — 

Per  cent. 

Water,   11-26 

Nitrogenous  substance,   11-29 

Fat,   3-56 

Sugar,   1-18 

Dextrine  and  gum,   6*06 

Starch,   60-09 

Cellulose,   4-25 

Ash,   2-31 

The  composition  of  the  ash  of  the  millet  deprived  of  husk  is  as 
follows  : — 

Per  cent. 

Potash,                                                       .  18-36 

Soda,   3-82 

Lime, 

Magnesia,  .       .   21-44 

Ferric  oxide,   1*82 

Phosphoric  acid,   44-21 

Sulphuric  acid,   2-02 

Silica,   8-33 


"  In  the  author's  "Dictionary  of  Hygiiine"  will  be  found  a  remarkable 
experiment  on  the  nutritive  qualities  of  millet. 
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POTATO. 

§  98.  The  chemical  composition  of  the  uncooked  potato  is, 
according  to  the  analysis  of  some  fair  average  tubers,  as  follows  : — 


Per  cent. 

Water   76  00 

Starch,  ■    .  19-68 

Sugar,   1-20 

Albumen,  ........  "70 

Gum,   -40 

Asparagin, ........  '30 

Fat   -30 

Solanin,     ........  '05 

Nitrogenous  substance,      .....  '15 

Insoluble  matter,       ......  '40 

Ash,   -82 


100  00 

A  summary  of  seventy  analyses,  determining  the  principal 
constituents  of  the  potato,  is  given  by  Kiinig  as  follows : — 

Minfinum.  Maximum.  Mean. 

Water,        ....  68-29  32-22  75-77  . 

Nitrogenous  substances,       .          -51  3-60  179 

Fatty  matters,      ...          -05  -80  -16 

Starch,        .       .       .       .  12  05  26-57  20-56 

Woody  fibre,        ...          -27  1-40  -75 

Ash,                                            -42  1-46  -97 

It  is  thus  seen  that,  according  to  all  analyses,  some  95  per 


cent,  of  the  potato  is  water  and  starch.  The  nitrogen  of  the 
potato,  which,  according  to  the  old  method  of  analysis,  would  be 
reckoned  into  albumen,  or,  at  all  events,  into  protein  substance, 
is  derived  from  albvtmen,  asparagin,  solanin,  and  amido  acids..  It 
has  been  calculated  that  about  56  per  cent,  of  the  total  nitrogen 
is  derived  from  asparagin  and  amido  acids — a  fact  which  must 
be  remembered  in  diet  calculations. 

Besides  the  constituents  enumerated,  there  are  certain 
organic  acids  in  the  jjotato  which  may  be  extracted  in  small 
quantities  by  sulphuinc  acid  and  ether.  Among  tliese  are  citric 
and  succinic  acids,  and  possibly  the  presence  of  these  organic 
acids  in  part  accounts  for  tlie  antiscorbutic  power  possessed  by 
the  potato. 

The  composition  of  the  ash  of  the  potato,  according  to  fifty- 
three  analyses  by  E.  Wolff,  is  as  follows  : — 


Minimum.  Maximum.  J[ean. 

Potash,       ....      43-95  73-61  6037 

Soda,   lC-93  262 

Lime,                                          -51  6-23  2-57 

Magnesia,     ....         1-32  13-58  4-69 

Ferric  oxide,        ...          '04  7-18  1-18 
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Minimum. 

Maximum. 

Mean. 

8-39 

27-14: 

17-33 

8-11 

2-13 

•85 

10-75 

3-11 

2-20 

5-30 

3-77 

Phosphoric  acid,  . 
Sulphuric  acid, 
Silica,  .       .       •       •  • 
Chlorine,  .... 
Percentage  of  ash  in  dried 
substance, 

The  potato  is  very  subject  to  a  fungus  disease,  the  life-history 
of  which  has  of  late  years  been  veiy  fully  elucidated  by  various 
observers,  and 
more  especially 
by  Worthington 
G.  Smith.  The 
fungus  is  named 
botanically  Pero- 
nospora  infestans, 
and  the  manner 
in  which  it  grows, 
and  its  m'ethod 
of  reproduction, 
is  shown  in  the 
annexed  -wood- 
cut (fig.  25). 

The  figure  re- 
presents the  very 
highly  magnified 
section  of  a  potato 
leaf,  and  the 
mycelium  of  the 
peronospora 
growing  among 
the  cells.  A,  A 
are  the  natural 
hairs  of  the 
potato  leaf;  B,B 
are  the  upper 
and  lower  layers 
of  the  healthy 
cells.  The  threads 
and  bodies  at  C, 
D,  E,  F,  and  G 
belong  entirely 
to  the  fungus. 
The  tine  thread 
at  C  is  a  direct  Fig.  25. 

continuation  of  the  spawn  or  mycelium  living  inside,  and  at  the 
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expense  of  the  leaf  tissue.  Emerging  into  the  air,  the  thread  is 
seen  to  bear  two  distinct  species  of  fruit — one,  D  D,  called 
simple  spores  or  gonidia,  while  at  E  F  are  what  ai-e  known  as 
"  swarm  spores."  The  swarm  spoi'es,  when  moistened,  set  free 
fifteen  or  sixteen  bodies,  known  as  "zoo-spores,"  so  named  because 
they  are  endowed  with  spermatozoa-like  motion,  being  furnished 
with  two  lash-like  tails,  which  they  move  with  great  rapidity. 
A  zoo-spore,  when  it  falls  on  a  leaf,  has  a  surprising  power  of 
corroding  the  epidermis,  and  entering  into  the  tissue.  This 
action  is  probably  due  to  some  special  solvent  secreted  by  the 
zoo-spore.  When  movement  ceases,  the  tails  disappear,  and  a 
minute  thread  is  protruded  at  one  end,  which  develops  into  a 
network  of  mycelium.  Both  of  these  methods  of  production  ai"e 
asexual;  but  there  is  a  third  method  which  is  sexual,  and  the  more 
imjiortant,  because,  in  this  case,  there  are  structures  formed 
which  resist  frost  and  a  variety  of  influences  destructive  of  the 
foi'mer  fragile  structures.  This  third  method  is  the  production 
of  oospores  by  the  conjunction  of  two  organs — the  one  named 
ant/teridium,  and  analogous  to  the  anther  of  a  flower,  and  the 
other  oogonium,  and  analogous  to  the  ovary  of  a  flower.  The 
oospores  are  dark-brown  in  coloui",  reticulated,  and  covered  with 
little  warty  prominences  about  '001  inch  in  diameter.* 

Analysis  of  the  Potato. — Since  the  potato  is  mainly  composed 
of  water  and  starch,  a  careful  determination  of  those  substances 
by  the  processes  aleady  enumerated  will  be  sufficient  for  most 
j)urposes.  For  those  in  which  great  accuracy  is  not  required,  it 
will  be  sufficient  to  take  the  speciflc  gravity  of  the  potato,  and 
then  refer  to  the  following  table.     This  table,  for  fairly  good 

*  The  Peruvians  make  a  national  dish  from  frozen  potatoes,  which  they 
call  "chuno."  The  potatoes  are  steeped  for  a  little  while  in  water,  then 
exposed  for  a  few  days  to  sharj)  frost,  washed,  and  rubbed.  By  this  method 
the  peel  becomes  detached,  and  the  starchy  matters  are  dried  in  the  sun  or 
in  an  oven.  The  dried  hard  tubers  are  cut  in  thiu  slices  and  baked,  and 
eaten  with  the  addition  of  Spanish  pepper.  An  analysis  by  Meisel  (  Wagner's 
Jahreabericht  dcr  Chemisch  Technol,  1S81)  is  as  follows: — 


Water, 
Starch, 

Nitrogenous  matter, 

Woody  fibre,  . 

Fat, 

Ash. 


Per  cent. 
13i030 
81-844 

2-313 

1-133 
•182 
•356 


Soluble  constituents  in  water,  .  ri42 


Total  nitrogen,  '4  %. 

Nitrogen  soluble  in  water,  -03  %. 


"400  sugar. 
•141  aspai'agin. 
"GOl  sohible  starch,  dextrine, 
soluble  ash  constituents,  &c. 
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potatoes,  will  give  I'esults  of  from  within  -3  to  '5  per  cent,  of 
the  true  value;  but  with  regard  to  tubers  poor  in  starch  there 
may  be  a  much  larger  error. 


TABLE  XIII. —SHOWING  THE  PERCENTAGE  OP  STARCH  AND 
DRY  SUBSTANCE  CORRESPONDING  TO  VARIOUS  SPECIFIC 
GRAVITIES. 


Specific 
gravity. 

Dry 
substance. 

Starch. 

Specific 
gravity. 

D17 
substance. 

Starch. 

I'OSO 

19-7 

XiJ  V 

1-190 

X  X^\J 

28-^ 

22-5 

1-081 

19'9 

14-1 

1  191 

9S*fS 

22-7 

1-082 

20-1 

1  -122 

9fi-7 

22-9 

1-083 

20  3 

14-5 

1-123 

9ft -Q 

23-1 

1-084 

20-5 

14.-7 

1  -194. 

90' 1 

^0  0 

r085 

20-7 

14-9 

1  '125 

1086 

20-9 

15-1 

1  '126 

29*5 

23-7 

r087 

21-2 

X  x^  i 

90 'ft 

24 '0 

1-088 

91  -4 

1  '19?! 

X  X  ^0 

94-9 

1  089 

1'129 

^0-9 

94  -4. 

1090 

21-8 

1  '1 

X  X  o\J 

OVJ  *± 

1-091 

lfi-9 

1  •!  ^1 

X  xOx 

o\j  0 

94 -Q 

1  092 

92-9 

3  fi-4. 

1  •!  ^9 

X  XO^ 

ou  0 

9*1 -n 

1  093 

22  -4 

lU  u 

1  -1 

X  xOO 

01  yj 

OK  ..7 

1-094 

99  -7 

]  fi-Q 

10  i) 

1  '1  ^J. 

ox  0 

Zt>  t> 

1  '095 

99-n 

17-1 

1  -1 

X  xOO 

ox  0 

zo  / 

1  -OQfi 

J.  \JiJ\J 

^0  1 

17-'? 
1/0 

X  X«3D 

^1  "7 
oX  / 

9*1 -0 

1  '007 

00.0 

.-0  0 

I/O 

X  lot 

oi  y 

9fi-l 
.fcO  1 

1-098 

17-7 

X  loo 

^9  "1 
0^  X 

9f!  --^ 
ZO  0 

1  -099 

90.7 

1  7-Q 

X  xoy 

09.0 

zo  0 

1  'ion 

94. -n 

1  Q  -9 

^  •^A(\ 
1  x-iu 

ZD  / 

1  '101 

94.-9 

1  Q  -A 

1  X-lx 

oZ  / 

97 -n 

1  '109 

94.-/1 

Vo  0 

X  X4-i 

00  u 

97  -9 

J.  IVO 

lo  0 

X  x^o 

00.9 

97-4. 

94 -S 

1  Q 

ly  11 

X  x**-* 

97 -(i 

ri05 

25  0 

19-2 

1-145 

33-6 

27-8 

1-106 

25-2 

19-4 

1-146 

33-8 

28-0 

1-107 

25-5 

19-7 

1-147 

34-1 

28-3 

1-108 

25-7 

19-9 

1-148 

34-3 

28-5 

1-109 

25-9 

20-1 

1149 

34-5 

28-7 

1110 

26-1 

20-3 

1-150 

34-7 

28-9 

1-111 

26-3 

20-5 

1-151 

34-9 

29-1 

1-112 

26-5 

20-7 

1152 

351 

29-3 

1113 

26-7 

20-9 

1153 

35-4 

29-6 

1-114 

26-9 

21-1 

1-154 

35-6 

29-8 

1-115 

27-2 

21-4 

1-155 

35  8 

.30-0 

1116 

27-4 

21-6 

1-1.50 

36  0 

.30-2 

1-117 

27-6 

21-8 

1-157 

36-2 

.30-4 

1-118 

27-8 

22  0 

1  -1.58 

.36-4 

30  0 

1119 

38  0 

22-2 

1-159 

30-6 

30-8 
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Maximum. 

Minimum. 

Mean. 

22-12 

11-01 

14-31 

27-14 

IS -56 

22-63 

3-30 

-64 

1-72 

59-38 

41-90 

53-24 

10-00 

2-22 

5-45 

3-49 

1-76 

2-65 

PEAS. 

§  99.  The  pea  is,  -witliout  doubt,  the  most  important  of  all  the 
leguminous  jjlants.  The  garden  pea  is  derived  from  the  Pisuvi 
sativum,  a  native  of  the  south  of  Europe,  but  long  naturalised  in 
this  country.  The  field  pea,  grown  for  the  purpose  of  feeding 
cattle,  is  tlie  Pisum  arvense. 

Forty-one  analyses  collected  by  Kbnig  give  the  following 
values  : — 

Water,  ..... 
Nitrogenous  substance, 

Fat,  

Nitrogenous  free  extractive  matter, 
Woody  fibre,  .... 
Ash,  . 

The  53-24  per  cent,  of  non-nitrogenous  soluble  matter  is  com- 
posed of  36-03  starch,  5-51  dexti'ine,  and  11-70  other  substances, 
among  which  is  some  sugar.  Cholesterine  is  also  foimd  in  peas, 
but  there  have  been  no  researches  as  to  its  exact  quantity.  The 
most  important  principle  of  the  pea  is  "legumin."  Its  amount 
varies  in  different  species.  Thus,  H.  Ritthausen  found  in  the 
green  field  pea,  3-95  per  cent.;  in  the  yellow,  9-45,  and  in  tlie 
grey,  7-30  per  cent.;  in  the  garden  pea,  5-40  per  cent. 

In  the  young  unripe  condition,  peas  contain  much  more  water 
than  the  proportions  given  above.  Thus,  Grouven  found  in 
young  unripe  peas  and  beans  the  folio-wing  : — 

Green  Peas.  Green  Beans. 

Water,   79-74  91-34 

Carbo-hydrates,  ....  13-03  5-9!) 
Albuminoids,  .....  6-06  2-04 
Salts,  1-12  -63 

The  albumen  of  peas  (which  may  be  obtained  by  boiling  the 
solution  after  it  has  been  freed  from  legumin)  difiers  from  ordi- 
nary vegetable  albumen,  both  in  elementary  composition  and  in 
its  behaviour  to  reagents.    An  analysis  gives  the  following  per- 


centages 


C,  52-94  ;  H,  7-13  ;  N,  17-14;  S,  104. 


After  coagulation  it  dissolves  in  potash  water  to  a  clear  liquid, 
which  is  not  the  case  with  vegetable  albumen. 

The  analysis  of  the  ash  of  peas  gives  the  following  as  the 
exti'emes  and  mean  of  twenty-nine  analyses: — 
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Minimum.  Maximum.  Mean. 

Potash,        ....       35 -80  51-41  42-79 

Soda,   3-57  '96 

Lime,  2-21  7  90  4  99 

Magnesia,    ....        5-80  13-02  7-96 

Ferric  oxide,       ...         ...  3 '83  "86 

Phosphoric  acid,  .       .       .       29-30  44-41  36-43 

Sulphuric  acid,     .       .       ,         ...  9  46  3-61 

Silica   3  02  -86 

Chlorine,      .       .       .                ...  6-50  1-54 


Peas,  when  putrid,  imderga  some  peculiar  change  not  yet 
investigated,  resulting  in  the  formation  of  a  poison,  perhaps 
similar  to  the  cadaveric  poisons  described  in  the  second  part  of 
this  work.* 

For  the  general  analysis  of  peas,  the  water,  the  ash,  and  the 
amount  of  starchy  matters  are  estimated  by  the  processes  already 
detailed.  To  separate  the  legumin,  the  peas  must  be  powdered, 
or,  if  fresh,  mashed  into  a  paste,  and  treated  with  successive 
quantities  of  cold  water,  which  may  be  advantageously  feebly 
alkaline,  but  must  not  have  the  least  trace  of  acid.  The  legumin 
may  now  be  precipitated  by  acetic  acid,  the  precipitate  dissolved 
in  weak  potash,  again  precipitated,  and  then  dried  and  weighed. 

*  Not  very  long  ago  a  case  of  wholesale  poisoning  from  this  cause  occurred 
in  Salford.  Many  persons  who  had  partaken  of  slightly  decomposed  peas 
exhibited  symptoms  of  irritant  poisoning.  The  peas  were  chemically 
examined,  but  contained  neither  arsenic,  copper,  lead,  or  other  metallic 
poison.  [Pilar.  Journ.  (3),  294.]  The  subject  of  the  formation  of  new  and 
poisonous  substances  in  such  an  article  of  food  would  well  repay  investiga- 
tion. In  Germany  there  has  been  used  a  condensed  food  made  up  of 
powdered  and  dried  meat,  incorporated  with  pea-meal,  by  strong  pressure  ; 
it  is  scarcely  necessary  to  say,  that  in  this  manner  a  food  invaluable  for  the 
soldier  is  obtained,  and  one  that  contains  in  a  very  small  compass  all  the 
essentials  of  nourishment.  An  analysis  of  these  pea-meat  tablets  is  as 
follows  : — 

Per  cent. 


Water,   12-09 

Nitrogenous  matters,   31-18 

Fat,   3  08 

Carbo-hydrates,  .       .       .       ,       .       .       .  47 '50 

Ash,   G-I5 

A  condensed  pea  soup  is  also  prepared.  Two  analyses  of  this  condensed 
soup,  given  by  Kcinig,  are  as  follows  :— 

1.  2. 

Water,   7-58  8-08 

Nitrogenous  matters,  ....       16-93  15-81 

P""at,   8-98  24-41 

Carbo-hydrates,   53-44  36-78 

Woody  Hbi-e,  1-34  I  -69 

Ash,   11-73  13  23 
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Legumin  is  almost  insoluble  in  cold  or  warm  water  ;  hut  since  it 
may  be  extracted  so  easily  from  the  fresh  seeds,  it  is  supposed  to 
be  in  combination  with  phosphates  of  the  alkalies  when  in  its 
natural  condition.  But  it  is  easily  soluble  in  diluted  alkaline 
liquids,  and  also  readily  dissolves  in  a  solution  of  alkaline  phos- 
phates ;  if  boiled  it  becomes  insoluble  in  alkalies.  Pure  alkaline 
solution  of  legumin  shows,  with  a  little  cupric  sulphate,  a  beauti- 
ful violet  coloui-.  If  impurities  are  present,  such  as  gum  or  starch, 
the  colour  is  blue.  On  boiling  the  alkaline  solution,  the  legumin 
does  not  coagulate,  but,  as  in  the  boiling  of  milk,  a  scum  of  altered 
legumin  appears  on  the  surface. 

§  100.  Pre.served  Peas. — Copper  in  Peas. — Peas  are  preserved  in 
several  ways,  sometimes  by  simply  di'ying,when  theyfoi*m  the  well- 
known  dried  peas  of  the  sho]}s.  But  the  more  modern  method  is 
to  heat  the  peas  in  a  suitable  tin  capable  of  being  hermetically 
sealed.  The  sealing  is  effected  while  the  tin  with  its  contents  is 
at  a  higb  temperature-  The  rationale  of  the  process  is,  that  jjutre- 
fying  germs  existing  on  the  surface  of  the  peas  are  destroyed,  and 
fresh  puti'efaetive  agencies  are  prevented  from  gaining  access  by 
the  exclusion  of  air.  Peas  so  preserved  may,  as  proved  by  ana- 
lysis, be  quite  as  nutritious  as  fresh  peas.  Preserved  peas  have 
often  undergone  a  preparatory  treatment  by  boiling  in  copper 
vessels,  the  object  of  which  is  to  impart  a  fine  green  colour. 
M.  Guillemai'e  and  M.  Lecourt  have,  however,  now  patented  a 
process  by  which  chlorophyll  has  been  substituted  for  the  objec- 
tionable coppering.  The  copper  that  has  hitherto  been  foimd  in 
tinned  peas  has  amounted  to  about  2  grains  to  2'6  grains  in  the 
pound  tin,  and  the  question  arises  whether  the  copper  is  injurious 
to  health  in  this  pi'oportion  or  not.  In  the  eases  appended  to 
this  article  it  will  be  noticed  that  men  of  considerable  scientific 
reputation  have  expressed  strong  opinions  on  the  subject;  never- 
theless, the  whole  of  the  injurious  action  of  coppered  peas  rests 
entirely  on  theory,  and  in  no  single  instance  (although  the  con- 
sumption of  coppered  peas  has  been  very  large)  has  any  really 
definite  case  been  brought  forward  of  actual  poisoning  by  peas 
coloured  in  this  way.  It  is  perfectly  true  that  it  is  not  necessary 
for  symptoms  to  arise,  in  oi'der  to  pronounce  whether  a  particular 
substance  would  be  likely  to  be  injurious  or  not;  for  example,  the 
question  would  be  answered  readily  enough  that  cyanide  of  pot- 
ash was  poisonous  if  in  a  certain  quantity,  although  people  might 
have  taken  small  doses  of  cyanide  of  potash  for  some  time  without 
any  apparent  injury.  But  here  the  case  is  difterent;  for  it  is  by 
no  means  certain  in  what  jMrticular  combination  the  copper  exists, 
for  if  the  copper  should  exist  in  a  state  of  combination  with  some 
organic  matter — for  example,  the  legumin,  so  as  to  be  insoluble 
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in  the  digestive  juices,  although  the  fiict  of  such  iusoluble  com- 
pound would  render  the  peas  less  nutritious,  yet  they  would  have 
no  toxic  action.  Legrif  has  found  in  the  intestine  of  a  healthy 
man  -036  to  '040  grm.  of  copper  ;*  and  Messrs.  Paul  and  Kingzett 
have  shown  that,  even  when  a  soluble  compound,  like  sulphate  of 
copper,  is  ingested,  most  of  it  is  excreted  by  the  fjeces. 

The  author,  therefore,  conchides  that  it  would  be  best,  in  our 
present  state  of  knowledge,  to  decline  to  state  whether  copper, 
when  it  exists  in  the  moderate  proportions  given  above,t  would  be 
likely  to  injure  health,  siTice  there  are  no  definite  facts  upon  which 
to  base  a  sufficient  opinion.  On  the  other  hand,  since  coppered  peas 
must  either,  (1.)  have  a  toxic  action,  if  the  copper  is  in  a  soluble 
form,  or,  (2. )  if  the  copper  is  insoluble,  the  pea  must  be  deprived 
of  some  of  its  nutritious  properties,  the  analyst  need  have 
no  hesitation  in  certifying  that  peas  made  green  with  copper  are 
adulterated  under  the  Sale  of  Food  and  Drugs  Act. 

The  method  of  detecting  copper  in  peas  is  as  follows: — A 
weighed  quantity  of  the  peas  is  made  into  a  paste  with  water  and 
a  little  hydric  chloride,  and  the  paste  is  placed  in  a  proper  plati- 
num dish  ;  a  rod  of  zinc,  on  being  inserted  in  the  paste,  so  as  to 
touch  the  platinum  dish,  sets  up  a  galvanic  current,  and  at  the 
end  of  several  hours  all  the  copper  is  deposited  as  a  coherent  film, 
and  may  be  dried  and  weighed.  A  neater  process  is  the  connec- 
tion of  the  platinum  dish  with  the  negative  pole  of  a  battery, 
while  the  positive  pole  is  suspended  in  the  acid  paste.  In  both 
instances  the  copper  is  deposited  as  copper. 

Tinned  peas  may  contain  traces  of  tin.  The  process  for  the 
detection  of  tin  is  as  follows  : — A  sufficient  quantity  of  the  peas 
is  incinerated  in  a  platinum  dish,  the  ash  is  heated  with  strong 
hydric  chloride,  and  evaporated  nearly  to  dryness;  a  little  water 
is  then  added,  boiled,  and  the  solution  filtered.  This  method  of 
extraction  is  repeated  once  or  twice.  The  solution  is  now  satu- 
rated with  hydric  sulphide,  and  any  yellow  precipitate  filtered  oft'. 
This  should  pi-esent  the  characters  of  sulphide  of  tin.  Tin  has 
been  found,  according  to  Mr.  Hehner,i  generally  in  tinned  goods 
to  the  amount  of  10  mgrms.  in  the  English  pound,  and  it  has 
been  supposed,  without  adequate  proof,  to  exist  as  a  stannous 
hydrate,  a  tin  compound  which  is  poisonous. 

No  prosecution  has  hitherto  taken  place  with  regard  to  tin  in 
preserved  goods ;  and  in  such  small  quantities  as  have  hitherto 
been  found,  it  is  very  questionable — presuming  the  tin  to  exist 
as  stannous  hydrate — whether  any  injury  would  result. 

A  few  of  the  more  important  prosecutions  for  coppered  peas 
may,  in  conclusion,  bo  quoted  ; — 

*  SonnenacheiD.      +  Analyst,  1877,  p.  98.      X  Analyst,  1880,  218. 
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In  one  of  several  similar  cases  heard  at  the  Marlborough  Street  Police 
Court,  it  was  proved  by  Mr.  Piesse,  the  analyst,  that  the  pound  tin  contained 
•088  of  copper,  equal  to  2A  grains  of  sulphate  of  copper. 

Dr.  Conway  Evans,  Medical  Otficer  of  Health,  stated  his  opinion,  that  the 
larger  quantity  of  copper  spoken  of  in  a  pound  of  peas,  if  eaten  daily  or  re- 
peatedly, would  be  injurious  to  health,  and  would  produce  chronic  poisoning; 
but  many  persons  might  eat  a  quantity  of  these  peas  several  times  without 
a])parently  suffering  any  injurious  effects,  the  period  varying  in  accordance 
with  difference  of  vigour,  age,  health,  &c.  Two  or  three  doses  might  affect 
some  persons  and  not  others.  From  14  to  15  grains  of  copper  were  some- 
times given  as  an  emetic  ;  and  sometimes,  in  ague  or  chronic  diarrhoea,  ^  to 
3  grains  were  given  as  a  tonic.  It  was  a  well-known  medical  fact,  that  in 
regard  to  some  poisons  (such,  for  instance,  as  mercury)  certain  persons  were 
peculiarly  susceptible  to  their  influence  ;  and  it  was  possible  that  these  peas 
containing  copper,  if  swallowed  by  persons  ignorant  of  their  own  suscepti- 
bilities, might  (even  in  a  single  dose,  or  a  few  doses)  lead  to  injurious  conse- 
quences. He  believed  copper  to  be  more  fatal,  in  a  smaller  dose,  than  salts 
of  lead.  The  heighteniug  of  the  colours  of  preserves  with  copper  was  once 
a  common  practice.  Cases  of  poisoning  by  copper  were  formerly  very 
common,  but  copper  utensils  in  cooking  having  given  place  to  tin  and  iron 
saucepans,  such  cases  were  of  rare  occurrence.  Pure  metallic  coi)per  he 
believed  to  be  harmless,  but  it  was  dangerous  when  in  contact  with  other 
substances,  and  when  dissolved. 

Dr.  Guj',  F.K.S.,  said  that  cases  of  poisoning  by  copper  had  occurred  in 
which  the  quantity  swallowed  must  have  been  small.  He  had  studied  the 
([Uestion  of  poisons  particularly  ;  the  fact  of  a  trace  of  copper  in  the  human 
body  would  not  prove  its  existence  in  a  poisonous  form.  He  had  made 
inquiries  for  Government  into  the  effects  of  poisoning  in  certain  trades  ; 
palsy  followed  the  poisoning  by  copper.  Two  cases  had  come  under  his 
knowledge  of  poisoning  by  the  green  wall-paper  in  a  room ;  the  poisoning  in 
his  opinion  came  from  the  copper,  not  the  arsenic.  Salts  of  copper  he  con- 
sidered more  poisonous  than  lead  ;  the  small  quantity  of  copper  contained 
in  the  peas  in  question  from  France  might  prove  injurious,  and  slowly 
undermine  health.  On  a  nervous  person  copper  was  more  likely  to  [)roduce 
dangerous  symptoms  than  on  any  one  else.  With  regai'd  to  the  presence  of 
3  "6  of  copper,  if  taken  one-third  at  a  time,  it  would  not  affect  a  healthy 
person  ;  but  if  rejieated  in  small  doses  it  woukl,  in  his  opinion,  be  ultimately 
injurious  to  health.  He  considei-ed  that  any  article  containing  the  amount 
of  copper  stated  by  Mr.  Piesse  should  not  be  allowed  to  be  sold  for  one 
moment.  Sulphate  of  copper  in  its  virulence  ranked  fourth  in  the  class  of 
poisons. 

Dr.  C.  Tidy  gave  similar  evidence.  If  copper,  that  is,  sulphate  of  copper, 
were  constantly  taken  to  the  extent  of  the  amount  of  copper  found  in  the 
French  peas,  it  would  be  injurious  to  health. 

Dr.  A.  Duprg  stated  that  the  quantity  found  was  far  beyond  the  quantitj' 
normally  present  in  any  vegetable. 

Dr.  Gujf  said  he  considered  the  sale  of  an  article  containing  such  a  quantity 
of  copi>er  as  that  found  in  the  French  peas  ought  not  to  be  tolerated.  Small 
doses  of  copper  were  more  dangerous  than  large  ones,  as  the  latter  would 
cause  vomiting. 

A  previous  conviction  against  the  defendant  for  the  same  offence  was 
proved,  but  the  prosecution  stated  that  they  desired  publicity',  not  i)unish- 
ment,  and  a  small  fine  was  inflicted.* 


*  Analyst,  1877. 
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At  the  Liverpool  Police  Court  a  firm  was  prosecuted  for  selling  peas 
contaiuiug  copper  equal  to  2^  grains  of  sulphate  to  the  pound  tin.  A 
warranty  produced.* 

A  Liverpool  grocer  was  fined  20s.  and  costs,  for.  selling  peas  containing 
copper  equal  to  2-6  grains  of  the  sulphate  to  the  pound. + 

At  Bradford  vendors  have  been  fined  for  selling  coppered  peas,  the  metal 
equalling  1 4  to  2  grains  to  the  pound.  J 


CHINESE  PEAS. 

§  101.  A  pea  01-  bean,  much  used  in  China  in  the  form  of  cheese, 
is  tlie  Soia  hisjnda.^  Its  composition,  according  to  G.  H.  Pellet,  is 
as  follows  : — ■ 


I. 

2. 

3. 

Water,  

9-000 

10-160 

9-740 

Nitrogenous   matters  (coagulable 

nitrogen,  6 "25), 

35-500 

27-750 

31-750 

Starch,  dextrine,  and  sugar. 

3-210 

3-210 

3-210 

("ellulose,  ..... 

11-650 

11-650 

11-650 

Ammonia,  ..... 

•290 

-274 

•304 

Sulphuric  acid,  .... 

•065 

•234 

•141 

Pliosphoi  ic  acid,  .... 

1-415 

1-554 

1631 

Chlorine,  ..... 

-036 

•035 

-037 

Potash,  ..... 

2-137 

2-204 

2-317 

Lime,  ...... 

•432 

-316 

-230 

Magnesia,  ..... 

•397 

•315 

.  -435 

Substances  insoluble  in  acids. 

•052 

•055 

•061 

Not  estimated  mineral  substances, 

•077 

-104 

•247 

Different  organic  matters. 

15-289 

25-539 

24-127 

San'Uari/  Record,  vi.  ,3.3.5.        +  Ibid., 

vi.  .351. 

X  Ibid., 

vii.  63. 

§  The  pea-cheese  is  considered,  in  China  and  Japan,  a  very  important  food. 
The  peas  (Soia  hispida)  are  soaked  in  water  for  about  24'hours,  then  strained ; 
they  are  next  ground  to  a  thin  paste  with  some  of  the  water  which  has  been 
put  ou  one  side.  The  grinding  is  effected  by  a  mill.  The  matters  are  filtered, 
and  the  filtrate  is  concentrated  by  heat ;  and  after  skimming  once  or  twice  is 
cooled,  the  caseine  coagulated  by  ])laster,  and  a  salt,  which  ajjpears  to  be 
chloride  of  magnesium,  added.  The  cheese  is  grayish-white,  and  has  the 
following  general  composition  : — 

For  cent. 

Water   90  37 

Fatty  matters,  2  36 

Nitrogen,   -78 

Ash,   -76 

— M.  Stanislaus  .Julien  et  M.  Paul  Chamjuon, 
"  Indualriea  de  t Empire  Chinuits." 
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LENTILS. 


§  102.  The  lentil  is  the  seed  of  the  Erbum  lens,  one  of  the 
Leguuiinosse.  Lentils  are  grown  and  eaten  in  all  parts  of  the 
civilised  world,  and  are  highly  nutritioiis.  They  contain,  according 
to  H.  Ritthausen,  5*9  per  cent,  of  legumin,  and  their  general 
composition  is  as  follows  : — 


Water, 

Niti'ogenous  substances. 

Fat  

Carbo-hydrates, 

Woody  fibre, 

Ash,  .... 


Per  cent. 
12-51 
24-81 

1-  85 
54-78 

3-58 

2-  47 


The  general  composition  of  the  ash  is  as  follows : — 

Per  cent 

Potash,  34-76 


Soda, 
Lime, 
Magnesia,  . 
Ferric  oxide, 
Phosphoric  acid. 
Chlorine,  . 


13-50 
6-34 
2-47 
2-00 

36-30 
4-63 


BEANS. 

§  103.  The  beans  eaten  in  this  country  ai'e  mostly  the  kidney 
bean,  Fhaseolus  vulgare,  and  the  broad  bean,  Vicia  faba.  The 
following  is  the  average  composition  of  these  vegetables : — 


Water,  . 

Nitrogenous  substances, 
Fat, 

Carbo-hydrates, 
Woody  fibre,  . 
Ash, 


Broad  bean.   Kidney  bean. 


14-34 
23-66 
1-63 
49-25 
7-47 
3-15 


13-60 
23-12 

2-  28 
53-63 

3-  84 
3-53 


The  percentage  composition  of  the  ash  of  these  different  beans 
has  the  following  composition : — 

Potash,  . 
Soda, 
Lime, 
Magnesia, 
Ferric  oxide,  . 
Phosphoric  acid. 
Sulphuric  acid, 
Sihca, 
Chlorine, 


Broad  bean. 

Kidney  bean. 

42-49 

44-01 

1-34 

1-40 

4-73 

6-38 

7-08 

7-41 

-57 

•32 

38-74 

35-00 

2-53 

4-05 

•73 

•57 

1-57 

•86 

§  103.] 


BEANS. 


193 


From  both  the  broad  and  the  kidney  bean  a  small  quantity  of 
cbolesterine  can  be  separated.  According  to  Ritthausen,  the 
legumin  of  the  kidney  bean  has  a  composition  different  from 
that  of  other  legumins;  for  while  the  percentage  of  nitrogen  in 
pea  and  millet  legumin  amounts  to  16 '77  per  cent.,  that  of  kidney 
bean  legumin  has  only  14*71  per  cent. 


14 


h   .  .:j-Cn,riUKCICAL  ^'.  JlETY 
PART  IV.-MILK,  CREAM,  BUTTER,  CHEESE. 


MILK. 

HISTORICAL  INTRODUCTION. 

§  104.  Before  the  birth  of  experimental  philosophy,  the  origin 
rather  than  the  composition  of  substances  was  the  subject  of 
inquiry,  and  of  fanciful  and  more  or  less  ingenious  conjecture. 
Milk  to  the  ancient,  as  well  as  to  the  modern  world,  was  a  fluid 
of  great  virtue.  Aristotle  affirmed,  "Lac  est  sanguis  concoctus, 
non  corruptus,"  which  may  be  translated.  Milk  is  elaborated,  not 
decomposed,  blood — an  opinion  identical  with  that  held  by  nine- 
teenth-century philosophers. 

Averroes,  Avicenna,  and  others,  reasoning  in  part  from  the 
difficulty  with  which  many  females  conceive  while  suckling,  held 
that  milk  was  altered  menstrual  blood.  Avicenna,  indeed,  for- 
mularised  this  doctrine  by  declaring  that  the  menstrual  blood  of 
the  pregnant  was  divided  into  three  parts — part  going  to  nourish 
the  foetus,  part  ascending  to  the  breasts,  and  the  remainder  be- 
ing an  excrementitious  product.  These  opinions  may  be  traced 
to  writers  of  a  much  later,  almost  modern  epoch.  The  ancients 
were  acquainted  with  only  three  constituents  of  milk — viz., 
butter,  with  which  they  used  to  anoint  their  infants  ;  caseine, 
which  they  precipitated  with  vinegar  ;  and  the  whey  from  which 
the  curd  and  butter  had  separated,  and  this,  up  to  the  early  part 
of  the  sixteenth  century,  constituted  the  whole  of  what  was 
known  as  the  composition  of  milk.  Placitus  enumerates  no  moi-e 
constituents  than  Avicenna,  biit  devotes  several  pages  to  the  then 
all-important  question  as  to  whether  milk  was  hot,  cold,  or  moist, 
and  concludes  that  animal  milk,  as  compared  Avith  that  of  human, 
is  cold,  human  with  that  of  animal,  hot.  Placitus*  was  an  up- 
holder of  the  menstrual  theory.  Panthaleon"}:  similarly  cites  with 
approval  the  dictum  that  milk  is  a  fluid  superfluity,  tioice  concocted 
in  the  breasts,  and  gravely  discourses,  as  stated,  whether  it  is  hot 

*  Sexti  Placiti  Papyriensis :  De  Nalura  et  Um  Lactis,  Muxxxviir.  It 
would  appear,  according  to  this  author,  that  the  Germans  in  his  time  used 
the  milk  of  all  animals,  for  he  enumerates  the  milk  uot  only  of  cows,  mares, 
and  goats,  but  also  of  pigs. 

t  Summa  Lacticinorum,  1528. 
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or  cold.*  He  recognises  three  parts  only  in  milk — viz.,  serum, 
butter,  and  curd.  His  treatise  is  mainly  composed  of  references 
to  the  ancients,  and  the  usual  disputations  as  to  whether  milk  is 
hot  or  cold.  The  first  mention  of  a  fourth  constituent  of  milk 
occurs  in  a  curious  work  by  Bartoletus,  published  in  1619. 
Bartoletusf  called  it  the  "manna"  of  milk,  or  "nitrum  seri  lactis." 
In  his  days  sulphur,  mercury,  and  a  saline  principle,  were  con- 
sidered as  the  three  active  essences  of  all  things,  and  as  exist- 
ing in  all  things ;  hence,  Bartoletus,  from  the  yellow  colour  of 
butter  referred  it  to  a  sulphur  principle,  the  whey,  doubtless  from 
its  mobility,  to  quicksilver,  and  the  curd  to  a  saline  element.  He 
then  compares  milk  with  blood,  also  composed  of  a  sulphurated, 
saline,  and  mercurial  pi'inciple.J  The  discovery  of  Bartoletus  for 
a  long  time  was  not  known  beyond  Italy.  A  French  ajjothecary, 
named  Bartholomew  Martin,  writing  in  1706,§  enumerates  the  con- 
stituents of  milk  as  three — butter,  analogous  to  sulphur,  serum  to 
mercury,  and  cheese  to  salt ;  but  was  not  acquainted  with  milk- 
sugar,  although  eight  years  before  Ludovico  Testi||  had  written 
an  entire  treatise  on  it,  calling  it  by  the  name  it  now  beai's. 

In  the  early  part  of  the  eighteenth  century,  Leeuwenhoek 
discovered  the  microscopical  characters  of  milk.  He  saw  that 
it  was  a  fluid  containing  many  globules.  Some,  which  he 
judged  to  be  of  a  buttery  nature,  rose  to  the  top  of  the  liquid ; 
and  others,  again,  rather  sank  to  the  bottom,  and  were  evidently 
different  in  composition.^  Some  twenty  years  later,  A.  Donne, 
in  his  Cours  Microscopique**  published  some  beautiful  plates  of 
several  kinds  of  milk,  fresh  and  sour,  human  and  animal,  exhibit- 
ing the  globules,  &c.,  drawn  to  scale  with  wonderful  accuracy. 

§  105.  In  the  early  part  of  the  eighteenth  century  flourished 
the  school  of  the  illustrious  master  Boerhave,  who  laid  the 

*  There  are  several  other  treatises  on  milk  about  this  epoch,  but  they 
nearly  all,  as,  for  example,  that  of  Gesner  (Lihdlus  de  Lade  et  Operibus 
Lactarius,  auth.  Conrado  Gesnero,  Medico),  consist  of  commentaries  on  the 
opinions  of  older  writers,  and  are  of  no  value. 

t  Bartoletus  was  an  Italian  physician,  a  professor  at  Bologna  and  Mantua, 
B.  1586,  D.  1630.  His  work  is  entitled,  Eiiq/clojicedia  Hermelico-Dorjmatica 
■live  Orbis  Boclrinarum,  P/ujuiologicai,  Semiolicce,  vJ.  ThrrapeiUica:.  Bononia, 
1619,  4to.  The  quarto  is  little  over  .SOO  pages,  and  is  divided  into  five  parts, 
viz.,  (1.)  Physiology,  (2.)  Hygi&ne,  (3.)  Pathology,  (4.)  Semiotics,  and  (5.) 
Therapeutics. 

t "  Etiim  in  lade  videre  eat,  in  quo  nerosa  porlio  mercvriali  liquori,  hutyrosa 
■mlphurem,  caseosa  vera  miine  subslantiiK  respondet.  Ila  in  sanffiiine  alia  sul- 
p/iurecP;  alia  salirie,  alia  mercurialm  imbslunlia;  propurtionaliter  respondet." 

§  Traitii  du  Lail,  par  Barth.  Martin,  Apothicaire,  Paris,  1706. 

II  Relazione  conccrnente  il  Zucdiero  di  LaUe,  1698. 

IT  Letters,  tome  ii.,  4to  edition,  1722. 

Coura  de  Microscopie,  8vo.  Paris,  1844 ;  Atlas,  in  folio.  Paris,  1845. 
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foundations  of  animal  chemistry.  Boerhave  saw  in  milk  the 
most  perfect  food,  and  to  him  it  was  a  fluid  containing,  wrapt  up 
in  mystery,  all  the  elements  of  the  body.  Hence  he  laid  the 
greatest  stress  on  the  importance  of  its  study,  and  without  doubt 
his  example  and  teaching  were  the  immediate  cause  of  the 
numerous  experiments  carried  out  by  his  disciples,  Vullyanoz, 
Doorschodt,  and  others.    Boerhave  says* — 

"An  animal  is  composed  of  matter  which  was  not  that  animal  before,  but 
is  changed  into  it  by  the  vital  power  of  the  animal  .  .  .•  .  Milk,  therefore, 
appears  to  be  the  first  thing  to  be  examined,  for  this  is  a  true  chyle,  and 
much  less  diluted  with  the  lymph  than  the  chyle  when  poured  into  the 
subclaviaa  vein,  and  therefore  approaches  nearer  to  the  aliment.  It  has 
flowed  through  the  veins,  the  heart,  the  lungs,  and  the  arteries,  and  there- 
fore has  been  mixed  with  all  the  juices,  and  being. afterwards  separated  by 
the  particular  structure  of  the  breasts,  it  may  be  collected  and  examined 
apart.  Milk  is  a  liquor  prepared  from  the  aliment  chewed  in  the  mouth, 
digested  in  the  stomach,  perfected  by  the  force  and  juices  of  the  intestines, 
and  elaborated  by  means  of  the  mesentery  and  its  glands  and  juices,  and 
the  juices  of  the  thoracic  duct ;  it  has  undergone  some  actions  of  the  veins, 
arteries,  heart,  lungs,  and  juices,  and  begun  to  be  assimilated,  yet  may  be 
had  separate  and  discharged  out  of  the  body.  And  thus,  by  their  own  milk 
prepared  from  the  proper  matter  of  the  chyle,  all  the  kno^vn  animals  that 
have  mUk  are  nourished,  both  male  and  female ;  for  milk  is  always  prepared 
from  the  chyle  as  well  in  men  as  in  women,  as  well  in  virgins  and  barren 
women  as  in  mothers  and  nurses.  Whence  every  such  animal  consists,  is 
nourished,  and  lives  on  its  own  proper  milk,  and  from  this  alone  prepares  all 
the  other  |)arts,  both  the  solid  and  fluid,  by  means  of  the  vital  actions.  It  is 
now  certain  that  men  may  live  for  years  upon  milk  alone,  and  perform  all 
the  actions  of  Ufe,  and  have  all  the  solid  and  fluid  parts  of  their  bodies 
perfectly  elaborated  thereby.  The  serum,  therefore,  the  blood,  the  lymph, 
the  spirits,  bones,  cartilages,  membranes,  and  vessels,  proceed  from  milk,  and 
if  a  man  may  live  for  years  upon  milk  alone,  milk  must  contain  in  itself  the 
matter  of  all  the  parts  of  the  human  body." 

Boerhave  appears  to  have  tested  milk  witli  a  great  variety  of 
reagents,  and  found  that  it  was  curdled  by  all  acids,  whether 
nitric,  acetic,  hydrochloric,  or  sulphuric,  or  by  acid  vegetable 
juices.  He  also  distilled  milk,  and  found  that  it  gave  no  spirit 
on  distillation.  "It  also  appears  not  to  contain  any  trace  of 
saline  matter,  being  inodorous  and  perfectly  insipid,  and  causing 
no  pain  if  dropped  into  the  eye."  On  boiling  milk  with  alkalies, 
Boerhave  was  the  first  to  notice  the  yellow  colour  caused 
by  the  decomposition  of  the  sugar.  He  thought  that  a  similar 
change  took  place  in  fevers,  for  he  notices  the  yellow  milk 
of  feverish  women,  and  warns  the  physician  that  he  must  not 
suppose  the  yellow^ness  to  be  caused  by  an  acid,  but  rather  by 
an  alkaline  tendency,  and  by  too  much  heat.    Boerhave  paid 

*"The  Practice  of  Chemistry,"  translated  from  Boerhave's  Elementa 
Chemica.    By  Teter  Shaw,  M.D.,  2nd  ed.    Loud.  1741,  2  vols.,  4to. 
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particular  attention  to  the  state  of  the  milk  in  fevers  and  in- 
fectious diseases;  "and  in  the  last  contagion  among  the  cows, 
whilst  their  meat  remained  in  the  stomach,  and  was  neither 
dischai'ged  upwards  by  ruminating  nor  expelled  downwards,  and 
therefore  truly  putrefied  with  the  violent  degree  of  heat,  so  that 
the  stomach  was  almost  scorched  with  heat,  as  we  explained 
the  thing  .  .  .  Then  the  milk  grew  sharp,  yellow,  somewhat 
foetid,  and  thin  in  the  dug,. and  in  this  form  was  either  milked 
out  or  dropped  spontaneously."  He  also  condemned  the  use  of 
milk  from  heated  or  improperly  fed  animals,  or  those  suffering 
from  fever,  and  remarked  that  it  would  be  found  of  a  foetid 
urinous  odour,  yellow  in  colour,  thin,  of  a  saline  ungrateful 
taste,  and  acquiring,  after  a  time,  an  odour  of  rancid  cheese.* 

§  106.  Boerhave,  so  far  as  is  known,  made  no  quantitative 
determination  of  any  of  the  constituents  of  milk;  but  a  very  early 
attempt  is  found  in  a  research  undertaken  by  Geoffroy,  published 
in  1737.+  This  experimenter  took  12  lbs.  of  milk,  and  after 
coagulating  the  fluid,  heated  it  gently  over  the  fire,  in  order  to 
separate  the  coagulam  more  completely.  The  liquid  was  now 
filtered,  and  the  serum  and  coagulum  both  weighed.  The  serum 
weighed  8  lbs.,  the  coagulum  2  lbs.  7  ozs.  The  serum  was  then 
evaporated  to  dryness,  and  left  a  residiie  weighing  7  ozs.  24  grains ; 
in  other  words,  it  amounted  to  5-2  per  cent.;  and  since  it  m\ist 
have  been  mainly  composed  of  milk-sugar  and  salts,  the  determi- 
nation is  almost  as  exact  as  that  of  any  analysis  of  the  present 
day.  He  now  appears  to  have  distilled  the  residue,  and  olitained 
empyreumatic  products,  and  a  "caput  mortuum"'^  from  which  he 
extracted  soluble  salts  by  lixiviation,  and  among  these  salts  he 
recognised  chloride  of  sodium  by  its  cubical  crystals. 

Doorschodt§  experimented  on  milk,  possibly  under  the  im- 
mediate sui)erintendence  of  Boerhave ;  for  he  distilled  it,  and 
noticed  that  the  distillate  was  neither  acid  nor  alkaline,  conclud- 
ing, hence,  that  water  alone  was  condensed,  and  that  there  was 
no  other  volatile  principle.  He  also  boiled  the  milk  with  alkalies, 
and  details  with  great  precision  the  successive  changes  of  colour. 
He  appears  to  have  been  the  first  to  notice  that  alcohol  coagulates 

*  A  work  by  Dumonchaux,  about  the  period  of  the  Boerhave  school,  De 
Laclc.  Mamniarum.  at  Pinc/uiiline,  Petrua  J.  Dumonchaux,  Duaci,  1754, 
contains  nothing  new  about  the  composition  of  milk,  but  merely  cites  the 
opinions  of  others. 

+  C'ommerclum  LHerarium  ad  Re  Median  ct  Sclenlice  Naturalis  Incrementum 
Institidium,  &c.,  1737. 

X  The  caput  mortuum  was  the  name  of  any  residue  left  after  distillation  in 
the  retort. 

S  Henricua  Doorachodt :  De  Lacte,  1737. 
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milk,  and  also  that  it  may  be  preserved  by  borax  and  other 
antiseptics. 

§  107.  M.  Vullyanoz,  another  disciple  of  Boerhave,  published 
a  tract,*  in  1756,  on  the  essential  salt  of  milk,  which  tended 
greatly  to  spread  a  knowledge  of  the  substance  discovered  by 
Bartoletus,  and  described  so  fully  by  Testi  the  Italian.  It 
would  appear  from  his  treatise  that  sugar  of  milk  was  then  an 
article  of  commerce,  but  that  there  was  great  difficulty  in  pre- 
paring it  white  and  pure.  "  There  is  in  Switzerland  a  chemist 
named  Creuzius  who  has  composed  the  salt  admirably,  but  un- 
fortunately he  will  not  impart  his  secret  to  any  one.  This  is  the 
more  vexatious,  because  the  salt  he  is  proprietor  of  is  infinitely 
finer  than  the  others;  it  is  whiter,  sweeter,  and  dissolves  better 
on  the  tongue."  The  method  used  in  the  time  of  Vullyanoz  was 
simple  evaporation,  but  he  complains  that  the  j^roduct  was  often 
"  sour,"  and  was  not  the  same  as  the  Swiss  sugar.  "Vullyanoz 
established  the  fact  that  all  herbivorous  animals,  as  well  as 
women,  gave  sugar  of  milk ;  he  also  investigated  the  solubility, 
and  found  it  insoluble  in  hot  alcohol,  in  spirits  of  ammonia,  and 
in  very  pure  aqiia  fortis,  &c.  Noticing  that  it  effervesced  with 
nitric  acid,  he  made  experiments  which  proved  it  to  be  a  neuti'al 
salt,  and  thence  drew  an  analogy  between  milk-sugar  and  soap, 
concluding  that  the  latter  contained  an  oil  and  also  an  acid,  that 
it  could  be  fermented,  and  that  on  distillation  it  yielded  an  acid, 
and  was  decomposed  by  sulphuric  acid.f 

§  108.  The  next  important  paper  on  milk  in  order  of  time,  is 
that  of  Voltelenus, J  important  because  his  experiments  were 
quantitative.  He  took  42  ozs.  of  cows'  milk  and  distilled  it.  The 
process  was  conducted  very  carefully,  and  occupied  many  days, 
and,  as  may  be  expected,  was  very  troublesome,  from  the  irregular 
bursts  of  ebullition.  By  the  fifth  day  he  obtained  29  ozs.  of 
distillate  "  Aqua  Lactis  Destillata;"  in  other  woi'ds,  his  determi- 
nation of  water  was  69  per  cent.,  much  below  the  truth.  The 
residue  in  the  retort  weighed  2  ozs.  3  drms.,  and  effervesced 
with  alkalies.  He  now  increased  the  fire,  and  obtained  an 
unctuous  oil,  weighing  14  drms.,  mixed  with  what  he  calls  an  oily 

*  "Sur  le  sel  essentiel  de  Lait."  Par  M.  Vullyanoz,  Docteur  en  M6decine  a 
Lauzaume.  "  Eecueil  Periodique,  Observations  de  Me'decine,  CMrurgie, 
Pharmacie,"  &c.    Par  M.  Vandermonde.  1756. 

t  Subsequent  to  the  work  of  Vullyanoz  appeared  a  treatise  on  milk-sugar, 
"  Abhandlung  vom  Milch-Zucker,"  Braunschweig,  1772,  by  G.  R.  Lichen- 
stein,  who  considered  it  an  earthy  salt,  and  called  it  ierra-oleosum  sal 
mediam. 

+  Floris  Jacobi  Voltilenii :  De  Lacte  Humano  ejusque  cum  Ashio  ct 
Ovillo  Coniparatione,  &c.    Lipsias,  1779. 
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spiritiious  matter,  acid,  acrid,  and  like  the  spirit  from  guaiacum 
wood.  The  carbon  in  the  retort  weighed  10  drms.,  but  on  burn- 
ing to  an  ash  it  weighed  3.  The  ash,  boiled  with  water,  left  2 
drms.  insoluble.  In  other  words,  he  determined  the  ash  to  be  -89 
per  cent.,  and  the  soluble  portion  -31  per  cent.  Hence,  Yoltelenus 
most  certainly  made  a  correct  determination  of  the  amount  of 
saline  mattei'S  in  milk,  and  was  probably  the  first  who  did  so. 
Voltelenus  next  made  a  similar  experiment  with  women's  milk, 
taking  32  ozs.,  from  which,  in  thirteen  days,  he  had  distilled 
over  31  ozs.  6  drms.  of  odourless  liquid.  Here,  unfortunately, 
his  retort  broke ;  but  he  concluded  that  human  milk  is  re- 
solved by  fire  into  much  water  and  spirit ;  a  double  oil,  a 
double  salt,  fixed  and  warm  alkali  and  earth,  to  which  may  be 
added  a  "  spiritus  sui  generis."  He  refers  to  sugar  of  milk,  and 
afiirms  that  he  has  separated  a  similar  substance  from  human 
milk.  The  same  process  was  applied  to  asses'  milk,  32  ozs.  being 
distilled  over  a  sand-bath  in  three  days.  On  the  first  day  a 
lactescent  distillate  came  over,  in  quantity  amou.nting  to  1  oz. 
17  drms.  1  scr. ;  on  the  second  day,  a  more  limpid  liquid,  amount- 
ing to  19  ozs.  4  drms. ;  and  on  the  third  day  there  came  over  6  ozs. 
1  drra.  1  scr.,  of  a  feebly  acid  liquid;  by  the  foui'th  day  he  had 
to  increase  the  heat,  and  obtained  a  black  opaque  oil,  which 
separated  on  standing  into  three  parts — a  thick  svibstance,  a 
thinner,  and  what  he  calls  a  spirit.  The  carbon  in  the  retort 
was  weighed  and  then  burnt.  The  ash  weighed  3  drms.,  and  on 
lixiviation  the  insoluble  portion  weighed  2  drms.  1  scr.  He 
made  precisely  similar  experiments  on  the  milk  of  the  sheep — 
identified  salt,  determined  the  amount  of  ash,  &c.  He  thus  came 
to  the  conclusion  that  all  milk  had  the  same  constituents. 

§  109.  Schoepfi",  in  a  very  learned  paper,*  containing  full  refei- 
ences  to  the  works  of  his  predecessor,  was  the  first  who  noticed 
the  yellow  colour  of  the  whey — "  liquidem  colore  diluti  citri- 
num."  He  crystallised  milk-sugar,  and  determined  its  amount 
with  fair  accuracy  ;  but  did  not  know  exactly  what  it  was,  for  the 
crystals  were  of  a  yellow  colour,  and  reddened  syrup  of  Adolets  ; 
hence  they  were  pi-obably  contaminated  with  lactic  acid  and 
colouring-matter. f    One  of  the  last  workers  on  the  chemistry  of 

*  Specimen  Inaiujurale  Chemico-medicum  de  VariU  Lactis  Biibidi  Salihiis 
nliisque  Suhstantins  in  ejimlrm  parte,  Aquosa  Conteiitis,  &c.  Ludovicus 
Augustus  SchocpfF,  1784. 

+  Previous  to  SchoeplF,  BeaumG  appears  to  have  made  an  accurate  deter- 
mination of  the  amount  of  salt  in  milk,  saying  that  the  third  evaporation 
yielded  crystals  of  sea  salt,  in  the  proportion  of  7  to  8  grains  j)er  pint. 
Beaumc  :  Diet,  de  C'himie,  ii.,  1778,  498.  Eouellium  denied  that  the 
crystals  were  those  of  sea-salt,  but  considered  tbcm  "  salis  febrifugi  sylvii." 
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milk,  prior  to  the  nineteenth  century,  was  Sclieele,  who  discovered 
lactic  acid,  and  established  that  phosphate  of  lime  was  always 
present  in  the  caseine.  He  considered,  in  fact,  that  the  caseine 
formed  with  the  lime  a  true  combination,  the  pi'oportion  between 
the  two  being  from  1  to  1-5  per  cent,  of  calcium  phosphate 
to  every  100  parts  of  dried  caseine.*  Experiments  similar  to 
those  recoi'ded  were  undertaken  by  Hoffman,  who  determined 
the  total  solids  of  cows'  milk  to  be  13"5  per  cent.  ;  of  asses,  9*5  ; 
goats  about  10  per  cent.  ;  and  of  human,  9.  He  exhausted  the 
total  solids  by  water,  and  evaporated  and  weighed  the  soluble 
matter  thus  extracted,  but  no  accurate  result  followed  ;  and, 
indeed,  it  is  very  difficult  to  dissolve  out  milk-sugar  and  salts 
fully  from  the  milk  solids,  unless  they  have  been  previously 
deprived  of  their  fat.  Caspar  Neumann  repeated  and  enlarged 
the  experiments  of  Hoffman ;  he  made  out  that  cows'  milk  con- 
tained 14  per  cent,  of  total  solids,  and  he  also  distilled  milk  as 
well  as  butter.  From  16  ozs.  of  fresh  buttei-,  distilled  in  a  retort, 
at  first  over  a  sand-bath,  and  afterwards  over  an  open  fire,  there 
arose  1  oz.  of  liqvior  of  no  I'emarkable  smell  or  taste  ;  1  oz.  and 
half  a  drm.  of  a  reddish  acidulous  liquor,  which  smelt  like  burnt 
butter;  1  drm.  of  a  brownish-yellow  oil;  3  ozs.  3  drms.  of  a  yellow 
oil ;  1  oz.  6  drms.  of  a  white,  and  5J  drms.  of  a  yellowish-brown 
oil — all  of  a  thick  butyraceous  consistence,  and  a  volatile  smell 
like  that  of  horse-radish  ;  and  1  oz.  6  drms.  of  a  thin  empyreu- 
matic  oil,  which  smelt  like  the  Oleum  philosoj^horum,  that  is,  old 
olive  oil  distilled  over  from  bricks.  There  was  not  the  least 
mark  of  any  volatile  alkali  in  the  whole  process.  The  caput 
7nortuum  weighed  3^  drms.t 


THE  COMPOSITION  OF  COWS'  MILK. 

§  110.  Up  to  the  present  time  the  milk  of  the  mammalia  alone 
has  been  fully  analysed.  This  has  been  found  to  consist  of  water, 
a  peculiar  sugar,  albuminous  bodies,  a  small  amount  of  saline 
matter,  and  an  emulsified  fat.  The  milk  of  eveiy  class  of  animals 
has  not,  however,  yet  been  examined  completely ;  and  although 
it  may  be  presumed,  on  physiological  grounds,  that  all  milks 
contain  qualitatively  identical  or  analogous  ingredients  to  those 

*  De  Lade  ejusque  Adda:  Nova  Ada  Acad.  Reg.  Sued.  Anni  1780; 
OjiUficula  C'hanica.,  vol.  ii.,  p.  101-1  IS. 

t  "  The  Chemical  Works  of  Caspar  Newmann,"  abridged  and  methodised, 
by  Wm.  Lewis.    Lond.  1773. 
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of  the  cow,  yet  tliis  has  been  by  no  means  proved.  The  only 
milk,  indeed,  the  composition  of  which  we  may  be  said  to  know 
with  some  real  completeness  is  that  of  the  cow,  and  this  may  be 
considered  first.* 

Cows'  milk  consists  of  matters  partly  in  solution,  and  partly 
in  suspension ;  sugar  of  milk,  caseine,  galactine,  lactochrome, 
saline  matters,  and  a  few  minute  quantities  of  several  other 
substances  are  dissolved  in  water,  whilst  milk-fat  is  apparently 
emulsified,  and  a  portion  of  the  caseine  is  in  the  form  of  extremely 
fine  granules,  which  can  only  be  arrested  by  filtration  through 
porous  earthenware,  or  a  similar  filtering  medium.  When  a 
very  thin  layer  of  healthy  milk  is  examined  by  a  microscope,  the 
milk-fat  alone  is  visible,  and  appears  in  the  form  of  innumerable 
globules,  the  number  of  globules  depending  on  its  richness  in  fat. 
Thus  M.  E.  Bouchut  found  in  different  samples  of  milk  the 
following  varying  numbers : — 


Globules  in  a  cubic  millimetre. 

Specific  gravity. 

Fat  per  litre. 

1102500 

1022 

24 

1820000 

1021 

21 

1925500 

1030 

26 

2105000 

1028 

29 

2205000 

1032 

37 

2305000 

1028 

29 

2205000 

1032 

37 

2400000 

1030 

37 

2407000 

1033 

34 

2692000 

1030 

29 

3700000 

1030 

34 

It  would  hence  appear  that  good  milk  contains  from  about  two 
to  three  and  a  half  millions  of  globules  in  every  cubic  millimetre. 
It  has  hitherto  been  taught  that  the  globules  are  surrounded  by 
a  thin  pellicle  or  membrane,  and,  as  a  proof  of  the  existence  of 
this  membrane,  the  fact  is  usually  cited  that,  if  you  shake  up 
milk  with  ether,  scarcely  any  of  the  fat  dissolves  unless  a 
little  acetic  acid  is  first  added,  which  is  supposed  to  act  by 
dissolving  the  hypothetical  membrane  ;  but  it  may  be  shown 
that  the  fat  can  be  extracted  from  milk  by  shaking  with  ether, 
provided  that  the  volume  of  ether  to  that  of  the  milk  be  excessive. 
Further,  the  globules  are  coloured  by  aniline  red,t  and  their 
behaviour  with  moderate  quantities  of  ether  may  be  ascribed  to 

*  The  chemistry  of  the  milk-.secreting  glands  h,is  scarcely  been  investigated. 
Bert  (Oaz.  /icbdom.,  1879,  N.  12)  states  that  tlic  gland  contains  a  peculiar 
body  which  easily  splits  uj)  with  the  production  of  a  sugar  by  boiling  with 
dilute  sulphuric  acid,  or  even  simply  with  water. 

t  De  Sinely  :  Archives  de  Pkyniolocjie,  1874,  497  ;  F.  Soxhlet :  Land. 
Versuch. 
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the  acids  destroying  the  emulsifying  property  of  the  milk. 
Nor  can  one  understand,  on  the  "  membrane "  theory,  how — 
when  milk  in  thin  layers  is  dried  at  the  ordinary  temperature  of 
the  air,  and  under  conditions  which  involve  no  destruction  of  the 
membrane,  should  this  exist — to  account  for  the  fact  that  ether 
so  readily  dissolves  the  butter  fat.  Hoppe-Seyler*  has  indeed, 
by  estimation  of  the  proportion  existing  between  the  water  and 
caseine  in  cream,  considered  that  a  caseine  layer  exists  round  the 
fat  globules;  yet  this  must  be  so  thin  as  not  to  be  capable  of 
estimation  by  weight.  From  these  various  facts  the  existence 
of  the  membrane  is  more  than  doubtful. 

§  111.  Amphioteric  Reaction  of  Milk. — Milk  when  tested 
immediately  after  its  removal  from  the  cow,  has  a  peculiar 
action  on  litmus  and  turmeric  paper,  turning  litmus  blue  and 
turmeric  brown, — the  so-called  "  Amjyhioteric  Reaction."  On  this 
point  alone,  although  of  no  great  importance,  there  is  a  most 
voluminous  literature.t  The  amphioteric  reaction  of  milk  is 
similar  to  that  shown  by  a  solution  of  magnesium-hydric  phos- 
phate to  which  a  little  acid  has  been  added,  and  is  probably  due 
to  the  acid  phosphate  of  the  alkalies  existing  in  milk.  It  must 
also  not  be  lost  sight  of,  that  there  is  a  continuous  development 
of  C0„  in  milk,  which  gas  in  solution  is  always  present ;  and  this 
being  the  case,  its  feeble  acid  reaction  must  have  an  influence 
on  the  total  reaction  derived  from  other  substances.  Milk  ulti- 
mately becomes  decidedly  acid,  and  has  a  constant  tendency  to 
acidity. 

I  §  112.  Total  Solids  of  Milk. — The  amount  of  solid  matter  in 
milk  varies  within  considerable  limits,  and  is  much  influenced 
by  all  circumstances  that  affect  the  health  and  nutrition  of  the 
cow,  certain  cows  secreting  double  and  treble  the  normal  amount 
of  fat.  The  remark  just  made  refers  to  the  entire  residue  minus 
the  water ;  but  if  we  subtract  the  water  as  well  as  the  fat,  then 
the  pei-centage  of  solid  matter  varies  but  little,  and  in  healthy, 
fairly-fed  cows  has  never  (save  in  some  very  rare  and  exceptional 
cases)  been  known  to  fall  below  9  per  cent.  This  very  important 
fact,  formerly  much  disputed,  has  been  (or  ought  to  have  been) 
set  at  rest  by  the  results  obtained  in  the  experiments  of  so  many 
chemists,  that  it  is  scarcely  worth  while  reviewing  the  evidence 
on  which  it  is  based.    The  numerous  analyses  of  Wanklyn, 

*  Archiv  fur  path.  Anatom.,  bd.  xvij.,  s.  417,  1859. 

t  Those  who  wish  to  be  very  fully  informed  on  this  subject  may  consult 
"  Krifcisches  u.  Thatsilcliliches  iiber  die  Reaction  der  frischen  Milch,"  von  J. 
Schlossberger,  Annal.  der  Chhn.  u.  Phamu,  h.  87,  p.  317,  1852;  Idem.,  b. 
96,  p.  76.  Also  a  paper  by  Vogel,  Journ.fiir  Prakt.  Chem.,  1874,  b.  8,  p. 
137,  "  Ueber  das  Verhalten  der  Milch  zum  Lackmus  Farbstoffe." 
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Carter  Bell,  and  others  tend  rather  to  show  that  the  true  lowest 
percentage  of  milk  solids,  minus  fat  and  water,  is  a  little  above 
rather  than  below  9  per  cent.,  and  this  fact  is  fully  borne  out  by 
the  original  investigations  conducted  in  my  own  laboratory.  The 
highest  amount  of  the  same  solids  which  the  author  has  yet  found 
in  the  secretion  from  healthy  animals,  reaches  to  about  11  per  cent., 
so  that  at  most  there  is  an  extreme  fluctviation  between  9  and 
1 1  per  cent. — a  remarkable  fact,  which  ^  priori  would  have  been 
pronounced  improbable,  considering  the  complex  nature  of  milk. 

§  113.  Milk-Fat. — Pure  dry  milk-fat  is  at  ordinary  tempera- 
tures a  solid  fatty  substance,  with  an  agreeable  taste,  of  specific 
gravity  -91200  to  -91400  at  37°-7  C.  [100°  Fahr.];  its  melting  point 
is  35°-8  C.  Milk-fat,  under  the  form  of  butter,  is  constantly 
tinted  more  or  less  yellow  from  dissolved  lactochrome ;  but  it 
may,  by  the  use  of  suitable  solvents,  be  obtained  almost  colour- 
less. 

According  to  Wigner,  1000  volumes  of  the  pure  fat  expand 
from  37°-7  [100°  Fahr.]  to  1047-2  at  100°  [212°  Fahr.],  its  average 
expansion  being  -0780  for  every  degree  Centigrade.  This  is, 
however,  not  perfectly  accurate  for  the  degrees  between  65°-5 
[150°  Fahr.]  and  87°-7  [190°  Fahr.],  the  expansion  being  slightly 
in  excess  of  the  average  rate ;  but  the  abnormal  deviation 
between  these  degrees  does  not  appear  to  be  peculiar  to  milk- 
fat.*  1  grm.  of  fat  requires  for  saturation  227-3  mgrms.  of  potas- 
sium hydrate  (KHO).  This  observation  (originating  with  Dr. 
Koettstorferf)  has  been  utilised  by  the  food-analyst  in  the 
distinguishing  between  butter  and  other  fats. 

§  114.  Milk-fat  is  essentially  an  intimate  mixture  of  the 
glycerides  of  the  fatty  acids — palmitic,  stearic,  and  oleic — not 
soluble  in  water,  and  also  of  the  glycerides  of  certain  soluble 
volatile  fatty  acids,  of  which  butyric  is  the  chief,  and  caproic, 
caprylic,  and^capric  acids  minor  constituents. 

Palmitin,  or  Tripalmitin,  C3H5(Cj3H350)3  O3,  is  a  white  solid 
fat,  but  little  soluble  in  cold,  but  readily  soluble  in  hot  alcohol 
or  ether.  A  mixture  of  stearin  and  palmitin  crystallises  in  little 
needle-like  tufts,  and  was  at  one  time  considered  a  definite  single 
fat,  and  called  mwrgarine.  On  saponifying  palmitin  by  means  of 
an  alkali,  and  subsequent  decomposition,  it  yields  glycerine, 
and  95-28  per  cent,  of  its  weight  of  palmitic  acid. 

Palmitic  Acid  (CigHg202)  has  a  melting  point  of  about  62°. 
It  may  be  obtained  in  quantity  from  palm  oil,  and  also  from 

•  On  the  Ratio  of  Expansion  by  Heat  of  Butter-fat,  by  G.  W.  Wiener, 
F.C.S.,  Analyst,  No.  43,  p.  183. 

t  New  Method  for  the  Examination  of  Butter  for  Foreign  Fats,  by  Dr. 
Koettatorfer,  Analyst,  No.  39,  1879,  p.  106. 
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the  saponification  of  spermaceti.  When  purified  by  repeated 
crystallisation  from  alcohol,  it  is  a  tasteless  white  fat,  crystallising 
in  tufts  of  needles. 

Stearin,  or  Tristearin,  C3H5(Cj8H3503)03,  is  a  white  solid  fat, 
melting  at  about  6G°,  and  is  a  special  constituent  of  fats  with 
high  melting  points.  On  saponification  and  subsequent  decom- 
position of  the  soap  by  a  suitable  acid,  95"73  per  cent,  of  stearic 
acid  may  be  obtained. 

Stearic  Acid,  Cj^gHg^Og. — This  acid  is  to  be  found  in  nearly 
all  animal  fats  as  well  as  in  a  few  vegetable  fats.  Stearic 
acid  is  an  article  of  commerce,  and  made  upon  a  large  scale, 
especially  in  the  manufacture  of  stearine  candles.  For  this 
purpose,  animal  fats  are  saponified  by  hydrate  of  lime ;  the 
lime  compound  is  subsequently  decomposed  by  dilute  sulphuric 
acid,  and  the  mixture  of  oleic,  palmitic,  and  stearic  acids 
submitted  to  strong  pressure ;  by  this  means,  the  oleic  acid  is 
separated,  and  a  mixture  of  palmitic  and  steai'ic  acids  obtained, 
which  in  commerce  is  known  as  stearin.  From  this  commercial 
stearin,  stearic  acid  may  be  obtained  by  solution  in  alcohol  and 
fractional  precipitation  l3y  acetate  of  lead  or  barium,  the  stearate 
of  lead  or  barium,  as  the  case  may  be,  separating  before  the 
palmitate.  On  decomposing  the  salt  with  sulphuric  acid,  and 
dissolving  the  acid  in  boiling  alcohol,  stearic  acid  crystallises,  as 
the  solution  cools,  in  white  glistening  needles  or  leaflets,  which 
appear  under  the  microscope  as  elongated  lozenge  plates.  The 
melting  point  of  stearic  acid  is  69°-4.  If  impure,  it  crystallises 
in  needles.  It  is  without  odour  or  taste,  does  not  feel  greasy  to 
the  touch,  and  dissolves  in  all  proportions  in  boiling  alcohol  or 
ether,  from  which  it  separates  on  cooling. 

Olein,  or  Triolein,  03115(0^3113303)03.^ — Over  40  per  cent,  of 
milk-fat  consists  of  olein,  which  is  a  combination  of  oleic  acid 
with  glycerine,  and  is  at  all  ordinary  tempei-atures  a  fluid  oil, 
solidifying  about  5°,  at  first  colourless,  but  soon  becoming  yellow 
from  absorption  of  oxygen.  It  has  the  power  of  readily  and 
copiously  dissolving  palmitin  and  stearin,  and  is  readily  soluble 
in  absolute  alcohol  or  ether.  On  decomposition,  olein  yields 
95-70  per  cent,  of  oleic  acid,  C^gHg^Og. 

Pure  oleic  acid  is  difficult  to  obtain,  since  it  so  readily  oxidises. 
When  perfectly  pure,  it  is  Avithout  colour,  taste,  or  smell,  and 
has  all  the  appearance  of  a  colourless  oil;  at  a  low  temperature 
(4°),  it  crystallises  in  needles ;  on  destructive  distillation,  among 
a  variety  of  gaseous  and  liquid  products,  it  yields  an  acid  known 
as  sebacic  acid  (CjoHigO^),  which  is  a  constant  product  when 
any  oil  containing  oleic  acid  is  destructively  distilled.  Oleic 
acid  forms  two  classes  of  salts,  normal  and  acid.    The  normal 
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oleates  of  the  alkalies  are  soluble  in  water,  but  the  other  salts 
of  oleic  acid  are  insoluble  in  water,  no  exception  being  found 
even  in  the  case  of  the  acid  salts  of  tlie  alkalies.  The  oleates 
of  lead  and  copper  are  soluble  in  ether,  as  well  as  in  cold 
anhydrous  alcohol.  The  analyst  takes  advantage  of  this  fact, 
to  separate  the  oleates  of  lead  and  copper  from  the  stearates 
and  palmitates,  which  are  insoluble  in  ether. 

Butynn,  Caproin,  and  Caprylin  have  not  yet  been  separated 
in  a  pure  state;  they  yield  on  saponification  butyric,  caproic, 
caprylic,  and  rutic  acids  respectively. 

Butryic  Acid,  C^HgOo. — There  are  two  butyric  acids,  one,  normal 
butyric  acid,  CgHyCOOH,  boiling  point  163°-4,  specific  gravity 
•9817  at  0°  C.  ;  the  other,  isobutyric  acid,  C(CH3)2H.  COOH, 
boiling  point  154°,  specific  gravity  -8598  at  0°.  The  latter  has  a 
less  ofi'ensive  odour  than  normal  butyric  acid.  Butyr-ic  acid  is 
found  in  several  plants,  such  as  the  locust  bean,  the  fruits  of  the 
HapindvM  saponaria,  in  the  Tamarindus  indica,  the  Anthemis  mobilis, 
the  Tancentum  vidgare,  Arnica  mo7itana,  the  fruit  of  the  Gingko 
hiloha,  and  probably  several  other  plants.  Butyric  acid  is  the 
characteristic  fatty  acid  of  butter,  and  butter  fat  contains 
nearly  7  per  cent,  of  it.  Butyric  acid  is  volatile,  and  may  be 
distilled  unchanged ;  it  is  also  soluble  in  all  proportions  in 
water,  alcohol,  and  ether.  Most  of  the  salts  are  soluble  :  baric 
butyrate  crystallises  in  long  prisms  with  four  atoms  of  water; 
zincic  butyrate  in  anhydrous  pearly  tables,  which  are  remarkably 
soluble;  cupric  butyrate  is  bluish-green,  and  but  sparingly  sol- 
uble. Calcic  but3'rate  is  a  very  characteristic  salt,  for  it  is  more 
soluble  in  cold  than  in  boiling  water,  consequently,  when  a  solu- 
tion is  boiled  some  of  the  salt  is  pi'ecipitated.  The  most  charac- 
teristic reaction  of  butyric  acid  is  its  easy  etherification  by 
treatment  of  sulphuric  acid  and  alcohol.  In  this  way  is  formed 
butyric  ether,  which  has  a  powerful  smell  resembling  that  of 
pine-apples.    Its  specific  gravity  is  -902,  and  boiling  point  119°. 

Gnproic  Acid,  Qf^^^O^. — There  are  two  caproic  acids,  the  one, 
normal  caproic  acid,  CV,HjjCOOH,  boiling  point  205° ;  the  other, 
isocaproic  acid,  C3(CH3)2H5COOH,  boiling  point  199°  to  200°. 
Caproic  acid  occurs  in  a  very  large  number  of  plants,  and  has 
been  found  in  human  perspiration  and  in  cheese.  It  is  almost 
insoluble  in  water,  is  volatile,  and  may  be  distilled  unchanged. 
The  caproate  of  silver  is  in  large  thin  plates,  almost  insoluble 
in  water,  and  but  slightly  sensitive  to  light.  The  caproate  of 
barium  is  soluble. 

Caprylic  Acid,  CgHj^Og — fusing  point  58°,  boiling  point  236°. 
The  amount  of  caprylic  acid  in  butter  is  very  small.  It  is  slightly 
soluble  in  boiling  water. 
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Butic  Acid,  CjoHggOg. — A  white  crystalline  solid,  fusing  about 
29" '5.  This  acid,  in  combination  with  glycerine,  also  occurs  in 
very  minute  quantity  in  milk-fat.  It  is  even  less  soluble  than 
caprylic  acid. 

§  115.  The  Albuminoids  of  Milk. — The  albuminoids  of  milk 
comprise  at  least  three  principles, — viz.,  casein e,  albumen,  and 
nuclein.  To  these  a  fourth  substance  used  to  be  added — viz., 
lacto-protein ;  but  this,  as  the  autlior  has  shown,*  is  not  a 
simple  substance,  and  it  is  probable  that  it  is  a  mixture  of 
bodies  appi'oaching  alkaloids  in  their  composition.  Caseine 
appears  but  little,  if  at  all,  different  from  alkali-albuminate,  the 
minor  differences  which  exist  being,  with  probability,  ascribed 
to  impurities.  It  is  true  that  when  milk  is  filtered  through  a 
porous  cell,  caseine,  for  the  most  part,  is  left  behind;  while,  if 
a  solution  of  alkali-albuminate  is  similarly  treated,  it  passes 
through.  Exjjeriment  has,  however,  shown  that  a  solution  of 
alkali-albuminate  shaken  up  with  butter  fat  behaves  exactly 
like  caseine ;  and  similarly,  Soxhlet  has  proved  that  a  concentrated 
solution  of  sodic  carbonate  precipitates  both  caseine  and  alkali- 
albuminate,  provided  they  are  under  the  same  conditions,  and 
that  it  does  not  (as  asserted  by  Zahn)  leave  alkali-albuminate  in 
solution.t 

Hoppe-SeylerJ  does  not  adopt  altogether  this  view ;  for  al- 
though he  states  that  without  doubt  no  other  albuminoid, 
in  its  properties,  stands  so  near  caseine  as  alkali-albuminate, 
yet  the  notable  difference  in  its  power  of  rotating  a  ray  of 
polarised  light,  and  its  behaviour  to  rennet,  separates  caseine  as 
a  distinct  substance.  The  caseine  of  either  cows'  or  goats'  milk, 
not  only  in  acid  fluids,  but  in  perfectly  neutral  solutions,  is  coagu- 
lated by  gastric  juice  or  a  watery  extract  of  the  stomach.  This 
coagulation  takes  place  slowly  at  common  temperatures,  rapidly 
on  warming;  and  the  cause  of  it,  according  to  Hammersten,  is  a 
body  distinct  from  pepsin.  Hammersten  finds  that  the  caseine 
of  cows'  milk,  in  the  absence  of  lime  salts,  is  coagulated  by  the 
addition  of  an  acid,  but  not  by  rennet.  A  solution  of  caseine 
which  has  been  precipitated  by  an  acid,  run  into  lime  water 
neutralised  by  very  dilute  phosphoi'ic  acid,  quickly  coagulates 
on  the  addition  of  rennet,  but  without  rennet  neither  on  the 
addition  of  an  acid,  nor  on  boiling.  Hammersten  considers  that 
the  chemical  change  produced  in  the  coagulation  of  caseine  by 

*  Composition  of  Cows'  Milk  in  Health  and  Disease,  Jour.  Chem.  Soc, 
1879. 

t  "Beitrage  ziir  physiologischen  Chimie  der  Milch,"  von  Dr.  F.  Soxhlet. 
Journal  fiir  praktisme  Chemie,  vol.  6,  p.  1,  1872, 
t  Hoppe-Seyler,  Physiologisclie  Chemie,  p.  930. 
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rennet,  is  the  splitting  up  of  the  caseine  into  two  bodies,  one  of 
which  is  precipitated,  and  an  albuminoid,  which  remains  in 
solution,  and  is  neither  precipitated  by  boiling,  nor  by  any  of 
the  following  reagents — acetic  acid,  potassic  ferrocyanide,  or 
nitric  acid  ;  but  is  precipitated  by  mercuric  chloride,  and  also  by 
Millon's  reagent. 

Caseine  is  precipitated  by  a  variety  of  substances — lead 
acetate,  cupric  sulphate,  alum,  mercuric  chloride,  tannic  acid, 
rennet,  sulphate  of  magnesia,  and  mineral  acids,  if  not  too  dilute  ; 
but  none  of  these  precipitate  caseine  in  a  pure  state,  the  precipi- 
tate usually  containing  fat,  nuclein,  and  phosphate  of  lime,  the 
latter,  as  already  stated  (p.  200),  in  the  proportion  of  from  1  to  1-5 
per  cent,  of  caseine.  The  best  precipitant  is  sulphate  of  magnesia, 
which  leaves  the  nuclein  to  a  great  extent  in  solution.    The  fat 
may  then  be  extracted  by  ether  ;  but  the  phosphate  of  lime  is  in 
true  combination  with  the  caseine,  and  only  a  portion  of  it  can 
be  removed.    A  solution  of  caseine  in  combination  with  sulphate 
of  magnesia,  and  freed  from  fat,  turns  a  ray  of  polarised  light  in 
weak  alkaline  solution,  —  87°  ;  in  very  dilute  alkaline  solution, 
-  87°  ;  in  strong  alkaline  solution,  -  91°.    Pure  caseine  is  a  per- 
fectly white,  brittle,  transparent  substance,  insoluble  in  water, 
but  soluble  in  very  dilute  acid  solution,  as  well  as  in  very  dilute 
alkaline  solution  ;  in  each  case  there  is  little  doubt  that  a  true 
chemical  combination  is  formed.    The  presence  of  phosphate  of 
soda  in  a  solution  of  caseine  (as,  for  example,  in  the  milk  itself), 
prevents  the  precipitation  by  simple  neutralisation  by  an  acid, 
the  caseine  not  falling  down  until  the  acidity  of  the  liquid  is 
decided.    It  has  been  shown  by  Schutzenberger  that,  on  sealing 
up  caseine  in  a  tube  and  heating  with  baryta  water,  it  behaves 
like  albumen,  and  is  resolved  into  the  following  substances  : — 
The  elements  of  urea  (ammonia  and  carbon  dioxide),  traces  of 
sulphurous   acid,   of  sulphuretted  hydrogen,    of  oxalic  and 
acetic    acids,   tyrosine,   CgH^^NOg,   the   amido-acids    of  the 
series  CnH2n^;iN0„  corresponding  to  the  fatty  acids,  CyHonO,, 
from  amido-cenanthylic  acid  to  amido-proponic  acid — leucine, 
CgHjgNOj,    butalanine,   CgHj^NOj,   and    amido-butyric  acid, 
C^HgNOg,   with   a   few  less  known  or  identified  products. 
Many  of  these  substances  may  be  identified  in  putrid  milk. 

The  amount  of  caseine  in  milk  is  fairly  constant,  being  about 
3-9  per  cent. ;  and  the  author  has  never  known  it  exceed  5 
per  cent. 

Serum-albumen  occurs  in  milk,  in  no  respect  differing  from  the 
albumen  of  the  blood.  By  careful  addition  of  an  alkali,  this 
albumen  may  be  changed  into  alkali-albuminate — that  is,  into 
caseine  ;  therefore,  according  to  this  view,  the  albumen  in  milk 
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may  be  considered  the  residue  of  an  incomplete  reaction.  Albu- 
men is  not  precipitated  by  acetic,  carbonic,  phosphoric,  or  tartaric 
acids.  A  small  quantity  of  a  dilute  mineral  acid  does  not  pre- 
cipitate ;  with  a  larger  quantity  of  concentrated  mineral  acid 
the  solution  becomes  troubled,  and  the  deviation  of  a  ray  of 
polarised  light  increased  ;  a  still  larger  quantity  of  acid  precipi- 
tates it  as  acid  albumen.  The  best  method  to  obtain  a  solution 
of  pure  albiimen  is  to  precipitate  a  solution  by  basic  acetate  of 
lead,  pass  carbon  dioxide  through  the  mixture,  sepai-ate  the 
carbonate  of  lead  by  filtration,  and,  lastly,  pass  through  it 
hydric  sulphide,  to  remove  the  trace  of  lead  still  existing. 
Albumen  is  then  in  solution,  but  with  a  little  acetic  acid,  on 
evaporation,  it  may  be  obtained  in  the  solid  state  contaminated 
slightly  with  acetic  acid.* 

Another  method  of  obtaining  albumen  pure  is  by  dialysis.  The 
physical  characters  of  solid  albumen  differ  according  to  the  method 
of  separation.  Albumen  obtained  by  dialysis  is  in  the  form  of  a 
yellow  transparent  mass,  specific  gravity  1-314;  but  albumen 
separated  in  the  ordinaiy  way  from  milk,  for  the  purpose  of  quanti- 
tative determination,  is  in  yellowish  flakes,  brittle,  without  taste 
or  smell,  insoluble  in  water,  alcohol,  and  ether,  soluble  in  dilute 
caustic  alkali,  if  gently  warmed,  and  fi'om  this  alkaline  solution 
precipitable  by  an  acid.  The  amount  of  albumen  in  milk  is 
really  fairly  constant,  and  averages  '7  per  cent.  In  healthy  cows 
it  is  a  very  constant  quantity,  the  chief  deviation  occurring 
directly  after  calving,  when  the  amount  may  rise  as  high  as  3  j^er 
cent.,  but  this  is  always  accompanied  by  a  corresponding  I'ise  in 
the  caseine.  According  to  the  author's  experience,  the  albumen 
preserves  a  very  constant  relation  to  the  caseine,  the  quantity  of 
the  latter  being  five  times  that  of  the  albumen;  so  that  if  either 
the  amount  of  caseine  or  albumen  is  known,  the  one  may  be 
calculated  from  the  other  with  great  accuracy. 

Nuclein. — Nuclein  is  the  organic  phosphorus  compound  of 
milk,  containing,  according  to  Miescher,  9-6  per  cent,  of  phos- 
phorus. Its  formula  is  CjgH^gNgPjOo,.  It  is  by  no  means 
peculiar  to  milk,  but  has  been  found  in  the  blood,  in  pus,  in  the 
yelk  of  eggs,  in  the  liver  cells,  and  in  yeast  cells.  When  freshly 
precipitated,  it  is  a  white  amorphous  body,  somewhat  soluble  in 
Avater  ;  freely  soluble  in  ammonia,  soda  solution,  and  phosphate 
of  soda.  The  special  test  distinguishing  nuclein  from  other 
albuminoids  is  the  presence  of  phosphorus,  and  the  production 

*  Meggenhofen  appears  to  have  been  one  of  the  first  who  detected  the 
presence  of  albumen  in  milk.  He  estimated  the  amount  in  cows'  milk  as  '59 
per  cent.  Dissertatio  hiauguralis  sisteii^  indagationem  Lactis  Muliebris 
Chemicam.    C.  Aug.  Meggenhofen.    Frankfort,  1826. 
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of  no  red  colour,  either  by  Millon's  reagent,  or  by  a  copper  salt : 
added  to  a  solution  of  nuclein  alkalised  by  soda  lye,  it  forms  a 
very  definite  compound  with  lead,  the  lead  and  phosphorus  being 
in  the  proportion  of  Pb  to  P. 

The  method  adopted  by  Hoppe-Seyler*  to  separate  nuclein 
from  pus,  was  isolation  of  the  pus  cells  by  Glauber's  salts, 
Avashing  with  very  dilute  hydrochloric  acid  and  much  water ; 
then  extracting  the  nuclein  by  the  aid  of  a  very  weak  alkaline 
solution  of  caustic  soda,  and  filtering  (which  in  this  case  proves 
a  troublesome  operation),  and  precipitating  by  a  mineral  acid. 
The  precipitate  is  again  dissolved  in  weak  alkaline  solution, 
and  again  precipitated,  and  the  process  repeated  until  the  nuclein 
is  supposed  to  be  in  a  fairly  pure  condition.  Nuclein  may  be 
separated  from  milk  on  the  same  principles,  first  exhausting 
the  solids  by  alcohol  and  ether  to  remove  fat. 

§  116.  Milk-Sugar,  — Milk-sugar,  so  far  as  is 

known,  is  only  found  in  human  milk,  the  milk  of  the  herbivora, 
and  of  the  bitch.  It  is  easily  distinguished  from  other  sugars  ; 
its  specific  gravity  is  1"53;  and  its  solution  turns  a  ray  of 
polai-ised  light  to  the  right  58°-2.  It  is  soluble  in  six  parts  of 
cold,  and  2'5  parts  of  boiling  water ;  it  is  insoluble  in  absolute 
alcohol  and  in  perfectly  dry  ether,  but  in  dilute  alcohol  and 
commercial  ether  it  is  slightly  soluble,  the  solubility  in  amovmt 
depending  mainly  on  the  percentage  of  water  which  the  ether 
contains.  At  150°  it  loses  an.  atom  of  water  without  fvirther 
decomposition ;  its  watery  solution  is  perfectly  neutral,  and  has 
a  sweet  taste  :  the  sweetening  power  of  milk  as  compared  with 
cane  sugar  is  but  feeble. 

It  reduces  Fehling's  copper  solution  in  a  proportion  different 
from  that  of  grape  sugar  (see  p.  115).  Milk-sugar  undergoes 
lactic  fermentation  readily  (see  p.  217),  but  alcoholic  with  some 
difficulty.  Milk-sugar  is  jirecipitated  by  acetate  of  lead  and 
ammonia ;  neutral  acetate  of  lead,  even  at  a  boiling  tempei'ature, 
neither  precipitates  nor  changes  it.  The  oxides  of  copper,  of 
bismuth  and  silver  are  reduced  by  solutions  of  milk-sugar,  and 
indigo  is  decoloui'ised  ;  these  latter  reactions  are  similar  to  those 
of  grape  sugar.  When  oxidised  by  nitric  acid,  milk-sugar  yields 
mucic  acid,  acetic  acid,  and  tartaric  acids,  and  on  further  decom- 
position oxalic  acid  may  be  obtained. 

By  boiling  milk-sugar  for  several  hours  with  4  parts  of  water 
and  2  per  cent,  sulphuric  acid,  neutralising  with  carbonate  of 
lime,  evaporating  the  filtrate  to  a  syrup,  a  diflferent  sugar  from 
lactose  may  be  obtained  in  microscopical  crystals.     To  this 

•  Med,  Chem.  Unlersuch.,  Hoppe-Seyler.  Berlin,  4.  Heft. 
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altered  milk-sugar,  the  name  of  galactose  has  been  given.  Its 
action  on  polarised  light  is  expressed  as  +83'22  at  15°;  it  is 
a  fermentable  sugai',  and  yields,  on  oxidation  with  nitric  acid, 
twice  as  much  mucic  acid  as  milk-sugar. 

The  amount  of  milk-sugar  in  normal  milk  preserves  a  very 
constant  relation  to  the  percentage  of  caseine,  being  about  -1 
grm.  per  every  100  cc.  in  excess  of  the  caseine.  Its  average 
is  about  4  per  cent. 

§  117.  Mineral  Constituents  of  Milk. — The  mineral  constituents 
of  milk  have  been  fully  and  early  investigated,  and  the  following 
may  be  considered  a  very  close  approximation  to  their  actual 
amount  and  character  : — 


Potassium  oxide,  K^O,   18 '82 

Sodium  oxide,  Na^O,   11 -58 

Calcium  oxide,  CaO,   22-97 

Ferric  oxide,  JFooOg,   '06 

Chlorine,  01,     .'   16-23 

Magnesium  oxide,  MgO,   3-31 

Phosphoric  pentoxide,  P2O5,    .....  27 '03 

Four  analyses  of  milk  ash  by  R.  Weber  and  Haidlen  give 
the  following  : — 

Minimum.      Maximum.  Mean. 

Potash,                                     17-09         33  25  24-67 

Soda,  8-60          iri8  9  70 

Lime,                                       17-31         27-55  22  0 

Magnesia,     .       .       .       .        1-90           4  10  3  05 

Ferric  oxide,.       ...          -33             -76  -53 

Phospboric  acid,  .       .       .       27-04         29-13  28-45 

Sulphuric  acid,     .       .       .         ...              ...  '30 

Chlorme,      ....        9'87         16-96  14-28 


The  chlorine  is  in  combination  with  the  alkalies,  the  iron,  and 
the  earths  as  phosphate,  as  well  as  the  potassium  oxide.  So 
that  the  mineral  constituents  of  cows'  milk  are,  phosphate  of 
potash,  phosphate  of  lime  and  magnesia,  common  salt,  and  a  trace 
of  phosphate  of  iron.  Other  mineral  inoi'ganic  constituents  have 
been  found  in  small  quantity.  If  sufficient  milk  be  used,  it  is 
not  difficult  to  obtain  a  fluorine  reaction,  and  since  fluorides  form 
an  essential  constituent  of  the  teeth,  it  is  easy  to  see  their  impor- 
tance. A  minute  quantity  of  sulphuric  acid  as  sulphates  exists 
in  milk,  averaging  from  -05  to  -08  grm.  per  kilogramme  ;  and  it 
has  also  been  asserted  by  G.  Musso,  that  milk  contains  a  sulpho- 
cyanate.  This  assumption  was  based  on  the  following  experi- 
ment : — 15  litres  of  milk,  freed  from  caseine,  fat,  and  albumen, 
were  neutralised  by  baryta  water,  and  evaporated  to  a  syrup,  and 
the  syrup  extracted  with  absolute  alcohol ;  the  alcoholic  extract 
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dissolved  in  water  and  treated  with  zinc  and  sulphuric  acid, 
yielded  some  hydric  sulphide ;  and  subsequent  treatment  yielded 
from  6  to  21  mgrms.  of  barium  sulphate  per  kilogramme.*  The 
experiment  appears  to  the  author  as  hardly  conclusive  of  the 
presence  of  a  sulphocyanate,  and  requires  further  investigation. 

Nadler  has  ascertained  that  neither  cows'  nor  goats'  milk 
contains  any  iodine :  he  used  for  the  research  6  litres  of  cows' 
milk  and  3  of  goats'  milk.f  Minute  traces  of  copper  have  been 
found  in  milk ;  but  lead,  arsenic,  and  all  other  metals,  save  iron, 
are  absent. 

§  118.  Other  Constituents  of  Milk.— In  1864,  E.  Millon  and 
Commaille,  after  coagulating  and  separating  the  caseine  and 
albumen,  obtained  a  precipitate  from  the  yellow  whey  by  means 
of  a  solution  of  mercury  nitrate.  This  precipitate  was  white, 
amorphous,  and  became  slightly  red  on  drying ;  it  was  insoluble 
in  water,  alcohol,  and  ethei*.  The  precipitate  was  washed  with 
water,  then  with  alcohol,  and  finally  with  ether,  and  after  drying 
weighed. 

grms. 

Cowa' milk  yielded     .       .       .       2  "9  to  3 '4  per  litre.  J 
Goata'  milk    ,,         .       .       .  1'52  ,, 

Sheeps'  milk    ,,         .       .       .  2'53  ,, 

Asses'  milk    ,,         ...  3"28  ,, 

Woman's  milk,,         .       .       .  2-77  ,, 

To  this  body  they  ascribed  the  following  formula — CjQEIgjNgOjg, 
HgO  +  HgO,  NOg,  and  gave  it  the  name  of  Lacto-proteine.  In 
1879,  the  author  studied  this  body  and  decomposed  it,  and 
came  to  the  conclusion  that  lacto-proteine,  as  a  single  definite 
substance,  had  no  existence;  but  that  the  mercury  precipitate  was 
composed  of  two  substances  standing  between  albuminoids  and 
alkaloids,  to  which  the  names  oi  galactine  and  lactochrome  respec- 
tively were  ascribed.  With  these  substances  are  precipitated 
small  portions  of  albumen,  which  may  have  escaped  precipitation, 
and  traces  of  urea. 

The  method  of  separation  adopted  by  the  author  is  as  follows  : 
The  caseine  and  albumen  are  separated  in  the  manner  described 
at  p.  241;  the  yellow  whey  is  then  precipitated  by  a  solution  of 
nitrate  of  mercury,  of  about  the  same  strength  as  that  used  for 
estimation  of  urea  ;§  the  dense  flocculent  precipitate  is  then,  after 

*  Bfirichte  der  DpAiUche.n  Chemischm  OcwlUclm.fl,  xi.,  p.  154,  1878. 

t  Uebcr  den  anireblichen  lodgehalt  der  Luft  und  verschiedeuer  Nahrungs- 
mittel.    Journal  jur  Praktische  C/ieviic,  99,  p.  198. 

t  Nouvelle  Substance  contenue  dans  le  Lait.  Extrait  d'lme  Note  de 
MM.  E.  MiUon  et  Commaille.    Complen  Ilendu.%  59,  p.  301,  1864. 

h  The  ordinary  solution  for  the  estimation  of  urea  is  made  by  dissohdng 
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suitable  washing,  suspended  in  a  very  little  water,  and  decom- 
posed by  hydrogen  sulphide.  The  liquid  is  filtered,  and  to  the 
filtrate  a  slight  excess  of  acetate  of  lead  in  solution  is  added, 
when  a  dirty-white  precipitate  falls,  which  is  collected,  decom- 
posed by  hydrogen  sulphide,  and  recomposed  by  acetate  of  lead 
until  it  is  obtained  perfectly  white.  On  combustion,  numbers 
are  obtained  agreeing  with  the  following  formula,  ll(PbO)2PbOo 

Galactine,  as  obtained  by  decomposing  the  lead  salt  by  hydrogen 
sulphide,  presents  the  appearance  of  a  white  (or,  if  slightly  im- 
pure, a  fawn-coloured),  brittle,  neutral,  tasteless,  non-crystalline 
mass,  soluble  in  water,  insoluble  in  strong  spirit.  It  presents 
some  of  the  characters  of  an  alkaloid,  and  can  be  separated 
from  the  yellow  whey  of  milk  by  the  general  alkaloidal 
reagents  of  Sonnenschein  and  Scheibler.*  After  the  galac- 
tine has  been  removed  from  the  liquid,  an  alkaloidal  colouring- 
matter  (for  which  the  author  proposed  the  name  of  lacto- 
clirome)  remains  in  solution,  and  may  be  precipitated  by  means 
of  nitrate  of  mercury.  The  simplest  formula  for  this  ajopears 
to  be  HgOCgHjgNOg.  Lactochrome,  as  obtained  by  careful 
decomposition  of  the  mercury-compound,  is  in  the  form  of 
bright  red,  orange,  resin-like  masses,  softening  at  100°,  freely 
soluble  in  water,  veiy  soluble  in  hot  alcohol,  but  partially  separat- 
ing as  the  liquid  cools.  There  appears  little  doubt  that  lacto- 
chi'ome  is  the  cause  of  the  yellow  colour  of  milk  whey,  and  also 
the  colouring-matter  of  butter.  Thudichum  described  some  years 
ago,t  under  the  name  of  butyro-luteine,  the  spectroscopic  appear- 
ances of  the  colouring-matter  of  butter. 

§  119.  Two  bitter  principles,  possibly  derived  from  substances 
eaten  by  the  cow,  were  separated  from  the  milk  of  Devonshire 
cows  by  the  author  in  1879.  A  commercial  gallon  of  milk, 
measuring  3800  cc,  was  freed  from  caseine,  albumen,  and  alka- 
loidal matters  by  successive  treatment  in  the  way  indicated  at 
pp.  211  and  241,  and  the  whey  precipitated  by  solution  of  mercury 
nitrate,  the  mercury  precipitate  separated  by  filtration,  and  the 
excess  of  the  mercury  nitrate  thrown  out  by  hydrogen  sulphide ; 
the  liquid  was  then  made  alkaline  by  ammonia,  and  lastly  pre- 

100  grms.  of  pure  mercury  in  half  a  litre  of  nitric  acid;  a  further  quantity 
of  acid  is  added  until  no  red  fumes  ai-e  evolved ;  the  solution  is  evaporated 
to  a  syrup,  and  after  adding  enough  nitric  acid  to  prevent  the  formation  of 
a  basic  salt,  it  is  made  up  with  distilled  water  to  exactly  1400  cc,  each 
cc.  =  "01  urea. 

*  Sonnenschein's  reagent  is  a  uitric  acid  solution  of  phospho-molybdic  acid. 
Scheibler's  reagent  is  a  solution  of  phosjAo-tungstic  acid. 

t  "Chemical  Physiology,"  by  J.  L.  W,  Thudichum,  M.D.,  London,  1872, 
p.  149. 
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cipitated  by  tannin.  The  precipitate  was  washed,  dried,  and 
triturated  with  litharge  and  alcohol ;  and,  finally,  the  mixture 
was  exhausted  by  boiling  alcohol,  filtered,  and  the  filtrate 
evaporated  to  dryness.  The  dry  residiie  was  now  dissolved  in 
water,  digested  with  animal  charcoal,  filtered,  and  evaporated  to 
dryness.  A  dark  sticky  extract  was  the  result  of  these  various  and 
successive  operations.  On  treatment  by  absolute  alcohol,  about 
20  mgrms.  of  minute  white  crystals  were  obtained,  which,  on 
combustion  with  cupric  oxide,  were  found  to  be  non-nitrogenous, 
and  (so  far  as  a  small  quantity  can  be  trusted)  gave  a  formula 
closely  agreeing  with  CoHgOjo.  The  larger  portion  of  the  ex- 
tract was  of  a  dark  brown  colour,  very  hygroscopic,  and  becom- 
ing quite  fluid  on  exposure  to  the  air;  soluble  in  water  in  all 
proportions,  insoluble  in  strong  alcohol,  and  reducing  copper 
solution  on  boiling,  as  well  as  chloride  of  gold  at  the  ordinary 
temperature  ;  it  also  rapidly  reduced  nitrate  of  silver  on  warm- 
ing. The  taste  was  woody  and  feebly  bitter ;  the  reaction  was 
neutral.  Two  stiictly  concordant  analyses  gave  numbers  agree- 
ing with  the  formula  C18H18O24. 

Kreatinine  appears  to  exist  in  normal  milk,  for  the  author 
recently  separated,  in  the  ordinary  way,  -059  of  the  chloride  of 
zinc  compound  of  kreatinine  from  310  cc.  of  milk  ;  this  corre- 
sponds to  -0115  of  kreatinine  in  100  cc.  of  milk.  Commaille  had 
already  discovered  that  in  a  sample  of  milk  which  remained  some 
time  in  a  partially  closed  flask,  appropriate  treatment  would 
give  crystals  yielding  with  chloride  of  zinc,  or  oxide  of  mercury, 
kreatinine  reactions ;  and  the  presence  of  this  substance  in  small 
quantities  as  a  normal  (perhaps  constant)  constituent  of  milk  is 
now  placed  beyond  a  doubt.  Urea  has  been  found  in  almost  all 
animal  fluids,  and  in  such  small  quantities  as  a  milligramme  per 
100  cc,  it  is  rarely  absent,  but  any  marked  percentage  of  urea  is, 
of  course,  abnormal. 

§  120.  Milk  has  a  peculiar  sweet  odour,  and  the  odoriferous 
principle  may  be  separated  by  agitation  with  three  or  four  times  its 
volume  of  petroleum  ether.  MM.  Millon  and  Commaille  have 
recommended  bisulphide  of  carbon  for  this  purpose,  but  it  is  not 
quite  so  convenient  a  solvent.*  In  neither  case  is  any  of  the 
milk-fat  dissolved.  Lactic  acid  is  almost  invariably  present  in 
cows'  milk,  and  gradually  increases  in  quantity.  The  amount  of 
lactic  acid  obtained  from  milk  which  has  been  drawn  from  the 
cow  within  the  hour  is  from  -01  to  -02  per  cent. 

§  121.  Putting  them  in  one  view,  the  constituents  of  milk,  so 
far  as  is  known  at  the  present  time,  are  as  follows  : — 


•  Analyse  du  Lait,  MM.  Millon  et  Commaille.    Compt.  Rend.,  t.  59,  3%. 
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AVERAGE  COMPOSITION  OF  HEALTHY  COWS'  MILK. 


Milk-fat 


Caseine,  . 
Albumen, 
Milk-sugar, 
Galacfcine, 


f  Olein,  . 
I  Stearin  and 
I  Palmitin, 
-{  Butyrin, 
I  Caproin, 
I  Caprylin  and 
L  Rutin,  . 


1-477 
1-750 
0-270 

.  0-003 


Parte  per  cent, 
by  weight. 


3-50 


3-98 
0-77 
4  00 
0-17 


Latochrome,    .       .       .       .       .       .    ■   .       .  undetermined 

Amorphous,  bitter  principle  (glucoside  ?)  j  p.^^g^Jp-S  !  0-01* 
Crystalline  principle,  CoHgOi  d,  . 


(  by  tannin,  ) 

undetermined 


Lactic  acid. 


Perhaps  absent  in  milk  in  the  udder, 
but  by  the  time  an  analysis  can  be 
made,  always  present  from  -01  per 
cent. 

Alcohol,    .......       traces  always  present 

Odorous  principle,  oil  of  milk?      ....  undetermined 

...       traces,  such  as  -0001  per  cent,  nearly 
always  present. 


Urea, 

Kreatinine, 


traces  (Commaille). 


Ash 


fK,0, 
I  Na„0, 
I  CaO, 
-{  Pe^Oj 
I  P.O., 
I  CI, 
iMgO, 


0-1228^ 
0-0868  I 
0-1608  I 
0-0005  [ 
0-19'22  I 
0-1146  I 
0-0243  J 


0-70 


Fluorine  

Sulphuric  acid  in  combination, 

Sulphocyanates,  . 

Water,  .... 


very  minute  traces. 
-005 
? 

'.  86-87 


GASES  OF  MILK. 

§  122.  The  aiithor  has  investigated  recently  the  gases  contained 
in  milk.    Various  samples  of  milk  -were  clamped  on  to  a  mer- 


*  Mean  of  four  determinations  only. 
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curial  pump,  and  the  whole  of  the  gas  which  they  yielded 
pumped  oat  and  received  in  tubes,  whence  the  gas  was  trans- 
ferred to  a  gas  apparatus  and  analysed.  A  litre  of  new  milk, 
while  fresh  and  warm  from  the  cow,  connected  in  this  way  to 
the  pump,  yielded  1-83  cc.  of  gas,  which  on  analysis  had  the 
following  composition  : — 

cc.  Per  cent. 

Carbon  dioxide,  CO2,  "06  .  .  .  3-27 
Nitrogen,  N,  .  .  1-42  .  .  .  77-60 
Oxygen,  O,    .       .      -35     .       .       .      19- 13 

The  proportion  of  oxygen  to  nitrogen  was  therefore  nearly  as  1 :  4. 
Another  litre  of  good  Devon  commercial  milk,  on  being  subjected 
to  the  same  process,  yielded  3'468  cc.  of  gas,  the  percentage 
composition  of  which  was  : — 

Per  cent 

Carbon  dioxide,  CO2,  .       .       .       .       60  47 

Nitrogen,  N,  30-21 

Oxygen,  0,  9-30 

This  sample  had  been  standing  at  a  temperatui-e  of  15°  for  some 
hours;  hence  the  diminution  of  oxygen  and  the  increase  of 
carbon  dioxide.  Various  other  similar  experiments  were  made, 
with  the  result  of  establishing  the  fact  that  a  litre  of  fresh  milk 
yields  to  the  Sprengel  pump  from  1  to  3  cc.  of  gas,  in  which 
there  is  always  a  certain  percentage  of  carbon  dioxide,  and  in 
which  the  relation  of  the  nitrogen  to  the  oxygen  is  very  similar 
to  the  relation  that  exists  in  the  air  dissolved  in  water  ;  but 
that  fermentation,  at  any  temperature  in  which  fermentation  is 
possible,  at  once  commences,  when  the  lactic  ferment  begins  to 
use  up  the  oxygen,  and  ultimately  carbon  dioxide  is  the  only  gas 
which  can  be  obtained.  This  evolution  of  carbon  dioxide  is 
slow  but  continuous,  and  it  seldom  reaches  any  considerable 
amount.  The  author  has  kept  milk  for  months  in  bottles  pro- 
vided with  a  tube  dipping  under  mercury,  but  only  when 
the  temperature  was  from  18°  to  20°  was  the  tension  of  the 
gas  sufficient  to  cause  it  to  be  evolved  without  the  aid  of  a 
Sprengel  pump.  As  an  example  of  this  continuous  fermentation, 
one  of  the  experiments  may  be  cited  : — 100  cc.  of  milk  in  which 
fermentation  had  begun,  were  suitably  clamped  to  a  Sprengel 
pump  :  on  the  first  day  there  was  a  small  percentage  of  nitrogen 
and  a  little  oxygen  ;  and  on  the  second  day  a  trace  of  oxygen  ; 
but  on  the  succeeding  days  the  gas  consisted  wholly  of  carbon 
dioxide,  as  follows  : — 
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1st  day,   1-123 

2nd  day,   5-086 

3rd  day   19-540 

4tli  day   7-621 

5th  day,   7-370 

Bth  day,   9  023 

7th  day,   1-780 

15th  day,   21  350 

19th  day,   4-370 


cc 


of  CO, 


Giving  a  total  of  77-263  ec.  of  carbon  dioxide  in  19  days,  the 
temperature  ranging  between  14°  and  19°-5.  Milk  previously 
deprived  of  dissolved  air  by  the  Sprengel  pump,  then  confined 
over  mercury  and  submitted  to  an  atmosphere  of  oxygen,  rapidly 
absorbs  the  oxygen,  the  place  of  which  is  taken  by  carbon  dioxide, 
provided  the  temperature  is  a  fermentation  one- — that  is,  above 
9°  and  below  60°.  This  continuous  absorption  of  oxygen  was 
well  shown  in  an  experiment  of  the  author's,  in  which  a  litre  of 
milk  was  submitted  to  the  action  of  a  Sprengel  pump,  and  in 
which  it  was  found  >there  was  a  continuous  slow  diffusion  of  air 
through  the  india-rubber  connections.  It  has  long  been  shown 
by  Graham,  that  air  thus  finding  its  way  through  the  minute 
pores  of  thick  rubber  is  very  highly  oxygenised ;  yet  all  oxygen 
rapidly  disappeared  from  the  gas,  and  after  the  second  day  pure 
nitrogen  and  carbon  dioxide  could  alone  be  obtained  : — 


1st  '  day, 


6-732  cc.  of  gas. 


Percentage  composition. 

Carbon  dioxide,   55-392 

Nitrogen,   33-780 

Oxygen,     ....  ..  10828 

Ratio  of  oxygen  to  nitrogen  as  1  to  3  nearly. 


2nd  day,  total  gas. 
Carbon  dioxide,  . 
Nitrogen,  .  . 
Oxygen,  . 


7-2  cc. 


49-73 
49-73 
-54 


3rd  day,       .       .       .  4-863  cc. 

Carbon  dioxide,  .       .       .       .       .  .61-05 

Nitrogen,  .   38  94 


4th  day, — 

Carbon  dioxide, 
Nitrogen,  . 


87-98 
12-02 
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Percentage  composition. 

5th  day, — 

Nitrogen   91-52 

Carbon  dioxide,  .       .              .       .       .  8'48 

7th  day,— 

Nitrogen,   46 '62 

Carbon  dioxide   54 '58 


"FORE"  MILK. 

§  123.  If  an  animal  is  fractionally  milked — that  is,  the  whole 
of  the  milk  received  into  three  or  four  different  vessels — it  will 
be  found  that,  on  analysis,  the  several  portions  exhibit  some 
difference  of  composition,  more  observable  in  the  last  and  the 
first,  than  in  the  intermediate  portions.  This  difference  mainly 
affects  the  fat,  the  first  portions  of  the  milk  yielding,  as  a  rule, 
but  little  fat,  while  the  latter  portions,  called  "  strippings  "  (in 
speaking  of  cows'  milk),  contain  an  excess  of  milk-fat.  Thus,  in 
a  Devon  cow  milked  in  this  way  for  the  pui'pose  of  analysis,  the 
writer  found  the  two  extreme  portions  to  have  the  following 
composition  : — 

Specific  gravity, 

Milk-fat,  . 
Caseiae, 
Albumen,  . 
Galactibe,  . 
Milk-sugar, 
Ash, 
Water, 

Common  salt  in  ash, .       .     -340  '267 
In  another  experiment  a  Guernsey  cow  yielded  the  following  :- 

Specific  gravity. 

Milk-fat,  . 
Caseine,  . 
Albumen,  . 
Galactine, 
Milk-sugar, 
Ash, 

Water,  . 

Common  salt  m  ash,  .       .    -100  -098 

Dairymen  are  perfectly  aware  of  the  poorness  of  fore  milk  in 
tat,  and  more  than  once  fraudulent  milkmen  have  endeavoured 


Fore  Milk. 

Strippings. 

1-0288 

1  -0256 

1-166 

5-810 

2-387 

4-304 

1-830 

■975 

•381 

•545 

3-120 

3-531 

-797 

•895 

90-319 

83-940 

Fore  Milk. 

Strippings. 

1-040 

1-023 

•357 

5-946 

4-708 

3-435 

-451 

•860 

-267 

•156 

4-943 

5-280 

-874 

-929 

88-400 

83-394 
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to  defend  themselves  by  having  recourse  to  the  strange  expedient 
of  partially  milking  a  cow  before  such  functionaries  as  aldermen 
or  policemen,  and  delivering  with  all  formalities  the  sample  to 
be  analysed.  The  analyst,  not  knowing  its  history  (for  in  such 
cases  it  is  transmitted  as  an  ordinary  commercial  mik),  and 
finding  it  on  analysis  deficient  in  fat,  cei'tifies  accordingly,  and 
until  the  matter  is  explained  suff'ers  in  reputation.  Such  tricks 
have  during  the  last  few  years  been  rather  common,  but  so  fully 
exposed  that  they  are  not  likely  to  re-occur. 

This  diff"erence  in  the  first  and  last  milkings  is  not  confined 
to  cows'  milk,  but  has  also  been  observed  in  the  milk  of  other 
animals.  Peligot  had  an  ass  milked  in  thi'ee  successive  portions, 
and  found  as  follows  : — 


12  3 

Milk-fat,        ...         -96              1-02  1-52 

Milk-sugar,     .       .       .       6  50              6-48  6-50 

Caseine,  ....       1-76              1  95  2  95 

Total  soUds,    .       .    9*22            10-45  10-97 

Water,    .      .       ,       .90-78            87-55  89-03 


Eeiset*  has  also  found  a  considerable  difierence  in  the  per- 
centage of  total  solids  in  human  milk  in  fractions  taken  before 
the  child  was  applied  to  the  breast  and  after. 

Before  Suckling.  After  Suckling. 

1  10-58  12-93 

2  12-78  15-52 

3  13-46  14-57 

It  has  been  considered  that  this  diff'erence  is  merely  due  to 
the  eflect  of  a  physical  cause ;  that,  in  short,  as  regards  cows' 
milk,  the  milk  already  secreted  is  in  the  same  state  as  if  it 
stood  in  a  vessel,  and  the  fat  rising  to  the  top  is,  of  course,  drawn 
last.  This  explanation  cannot  be  altogether  true,  for  the  same 
phenomenon  is  observed  in  human  milk,  and  here  the  breasts 
are  horizontal,  or  nearly  so.  It  is  more  probable  that  durin<'  the 
act  of  milking  secretion  goes  on,  and  it  would  seem  that"  the 
fatty  contents  of  tlie  milk-producing  cells  are  set  free  before  the 
more  watery  and  albuminous.  Hence,  the  strippings  are,  as  the 
most  recent  portions  of  the  whole  secretion,  rich  in  fat.  This 
view  is  supported  by  an  experiment  of  Reiset,  in  whicli  it  was 
proved  that  the  longer  the  time  elapsing  between  the  partial 
milkmgs,  the  less  the  percentage  of  solids. 

*  J.  Reiset:  Annales  de  Chimie  et  de  Physique,  3,  ser.  xxv.,  1849. 
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HUMAN  MILK. 

§  124.  "Woman's  milk  has  been  long  an  object  of  reseai-ch,  and 
numerous  analyses  of  it  are  scattered  through  scientific  literature. 
These  analyses,  in  their  quantitative  results,  show  considerable  dis- 
crepancies, so  that  we  must  either  adopt  the  siipposition  that 
human  milk  is  veiy  variable,  or,  what  is  more  probable,  that  the 
samples  taken  did  not  represent  the  avei-age  secretion.  From 
experiment,  the  author  has  come  to  the  conclusion  that  it  is 
impracticable  with  any  mechanical  appliances  to  obtain  a  complete 
sample  of  human  milk.  In  civilised  life  the  nervous  system 
assumes  such  a  high  and  delicate  state  of  organisation,  that  the 
secretion  is  far  more  dependent  on  the  presence  and  contact  of 
the  oflfspring  than  among  animals.  Hence,  samples  of  human 
milk  taken  by  breast  pumps,  or  other  exhaust  apparatus,  can 
only  be  considered  partial  samples ;  and  a  study  of  partial 
sampling  in  the  case  of  cows'  milk  (p.  217)  has  taught  us  how 
very  widely  the  quantities  of  the  fatty  constituents  in  such 
samples  differ  from  one  taken  from  the  whole  bulk.  Woman's 
milk  contains  milk-fat  which  has  not  been  obtained  in  quantities 
sufficient  for  accurate  investigation,  and  a  knowledge  of  its  exact 
composition  is  still  a  desideratum.  It,  however,  certainly 
contains  butyrin,  for  the  author  has  succeeded  in  isolating  a 
sufficient  quantity  of  butyric  acid  from  saponified  human  milk- 
fat  to  identify  it  satisfactorily.  Milk-sugar,  caseine,  albumen, 
galactine,  and  a  colouring-matter,  with  mineral  substances,  are 
also  constituents  of  woman's  milk.  The  caseine,  like  that  of  the 
ass,  is  peculiar  in  not  separating  in  flocculent  masses  by  the  pro- 
cesses recommended  at  jj.  241,  and  the  analyst  is  under  the  neces- 
sity of  adopting  a  different  process  (see  p.  242).  This  difference  is 
all-important ;  for  in  artificial  feeding  with  cows'  milk,  as  soon 
as  the  milk  reaches  the  stomach,  the  milk,  in  popular  language, 
"  curdles,"  and  is  often  rejected  by  vomiting.  One  of  the  earliest 
exact  analysis  of  hiiman  milk  was  made  by  Meggenhofen*  in 
1826.  His  treatise  scarcely  appears  to  be  known,  yet  it  contains 
pretty  well  all  that  is  known  of  the  composition  of  human  milk. 
The  total  solids  of  human  milk  Meggenhofen  determined  from 
twelve  samples,  the  highest  of  which  is  13-38,  and  the  lowest 
9-25  per  cent.,  the  mean  being  about  12  per  cent.  Probably  for 
the  first  time  Meggenhofen  determined  the  albumen  sepai'ately 
from  the  caseine,  and  also  weighed  '^materim  animalis  tinctura 
fjallarum  animalis  precijutatm."  His  view  of  the  composition  of 
human  milk  may  be  fairly  stated  thus — 

*  Dissertalio  Inauf/uralis  Indagationem  Lactk  Muliebris  Chemicam.  C. 
Aug.  Meggenhofen.    Frankfort,  1826. 
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Milk-fat,  

Caseine,  ...... 

Albumen,  ...... 

Albuminoid  precipitated  by  gallic  acid. 

Sugar,  ...... 

Ash,  ...... 

Water,  


Per  cent. 
2-90 
2-40 
•57 
•10 
5-87 
•16 
88-00 


According  to  the  writer's  own  experiments  on  human  milk, 
and  the  quantitative  analysis  of  samples  taken  as  fairly  and 
completely  as  can  be  done,  it  has  the  following  composition  : — 

Per  cent. 

Milk-fat, 
Caseine, 


Albumen, 
Galactine, 
Sugar, 
Ash,  . 
Water, 
Total  solids. 
Solids  not  fat 


2-90 
2-40 
•57 
•10 

5-87 
•16 

88  0 


12  0 
9  1 


With  regard  to  other  constituents,  urea  is  often  present;  there 
is  also  an  odorous  j^rinciple.  Human  milk  decomposes  similarly 
to  cows'  milk,  and  yields  similar  gaseous  and  other  products. 

§  125.  Milk  of  the  Ass. — The  author  has  recently  had  an 
opportunity  of  investigating  the  milk  of  the  ass.  This  milk 
was  obtained  under  his  personal  superintendence  from  asses  kept 
and  fed  in  London  dairies  for  the  purpose  of  supplying  the 
demand  that  still  exists  for  asses'  milk.  The  animals  were  on  a 
uniform  diet  of  bran,  hay,  and  oats.  The  yield  of  each  milking 
was  carefully  noted,  and  the  ass  in  each  case  milked  dry.  It 
would  appear  that  the  milk  of  the  ass  under  these  circumstances 
has  a  very  uniform  composition,  the  differences  observed  being 
quite  unimportant.  The  yield  for  commercial  pui'poses  appears 
not  to  exceed  3  pints,  and  to  average  about  2\  pints  daily.  More 
than  this  is  doubtless  secreted,  but  some  of  it  is  used  by  the 
foal.  In  no  case  did  a  single  milking  yield  half  a  litre  (three- 
fifths  of  a  pint),  but  usually  between  300  and  400  cc. 

The  mean  composition  of  asses'  milk  is  as  follows  : — 

Per  cent 

 102 

 109 


Milk-fat,  . 
Caseine, 
Albumen,  . 
Galactine,  . 
Sugar,  . 
Ash,  . 
Water, 
Total  solids. 
Solids  not  fat, 


•70 
•10 
5^50 
•42 
9M7 


8-83 
7-81 


§  126,  127.]  MIXK  OF  THE  GOAT  AND  MARE. 
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The  fat  contains  5  per  cent,  of  butyric  acid,  equal  to  6'6  per 
cent,  of  butyrin  ;  it  is  probably  very  similar  to  butter  fat.  After 
the  precipitation  of  caseine,  albumen,  lactochrome,  and  galactine, 
there  yet  remain  principles  precipitable  by  tannin.  As  in 
human  milk,  the  caseine  is  not  readily  precipitated  but  remains 
suspended  in  a  state  of  fine  division,  however  far  lactic  fermen- 
tation may  have  progressed. 

§  126.  Milk  of  the  Goat. — The  milk  of  the  goat,  as  a  rule,  con- 
tains more  cream  than  that  of  the  milk  of  the  cow,  and  rather 
less  albuminous  matter. 

Its  average  composition  is  as  follows  : — 


Milk-fat, 
Caserne, 
Albumen, 
Galactine, 
Milk-sugar, 
Mineral  constituents, 
Water, 
Total  solids. 
Solids  not  fat, 


12-46 
8-26 


Per  cent. 
4-20 

3  00 
•62 
•08 

4  00 
•56 

87-54 


§  127.  Milk  of  the  Mare. — The  milk  of  the  mare  closely 
resembles  in  its  constituents  the  milk  of  the  cow  :  the  caseine, 
the  sugar,  and  the  fat  being  very  similar,  if  not  identical.  M.  J. 
Duval  *  asserts  that  he  has  discovered  in  the  milk  of  the 
mare  a  new  acid,  to  which  he  has  given  the  name  of  equinic,  and 
which  crystallises  in  groups  of  little  needles ;  it  is  not  volatile 
without  decomposition,  in  odour  fragrant.  It  is  combined  with 
a  base  volatilised  by  heat,  which  the  author  considers  a  base  of 
the  ammonia  type.  Its  reactions  with  silver  nitrate,  ferric 
chloride  and  auric  chloride  distinguish  it  from  hippuric  acid. 
No  analyses  are,  however,  given. 

The  mean  composition  of  mare's  milk  is  as  follows  :  — 


Per  cent. 

Milk-fat,   2-50 

Caseine,   2-19 

Albumen   -42 

Galactine,   09 

Sugar,   5  •SO 

Mineral  constituents,   •SO 

"Water,   88  •80 


Total  solids,  112 

Solids  not  fat,  8  7 

•  Comptea  Itendue,  t.  82,  419,  1876. 
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[§  128. 


MILK  OF  OTHER  MAMMALS ;  LACTESCENT  PRODUCTS  OP 
BIRDS  AND  PLANTS. 

The  following  Notes  on  the  Composition  of  the  Milk  of  other 
Mammals,  &c.,  may  be  found  useful  for  comparative  purposes. 

§  128.  Milk  of  the  Sheep. — Sheeps'  milk  is  remarkable  for  its  high,  specific 
gravity,  and  the  large  amount  of  solid  matter  which  it  contains  ;  the  specific 
gravity  ranges  from  1038  to  1041,  and  the  total  solids  may  rise  as  high  as 
19  per  cent.    The  average  composition  is  as  follovt's  : — 


Per  cent 

Milk-fat,                                                     .  5-30 

Caseine,   6  10 

Albumen,  ........  I'OO 

Galactine   0'13 

Milk-sugar,   4 '20 

Ash,   1-00 

Water,   82-27 

Total  solids,  .  .  .  .  17-73 
Solids  not  fat,    .       .       .       .  12-43 


The  caseine  behaves  similarly  to  the  caseine  of  cows'  milk,  and  separates 
easily  by  dilution,  acidulation  with  acetic  acid,  &c.  (see  p.  241.)  The  fat 
yields  5  per  cent,  of  its  weight  of  butyric  acid,  and  is  jirobably  of  similar 
composition  to  the  milk-fat  from  cows'  milk. 

§  129.  The  Milk  of  the  Oarnel. — Chatin  has  analysed  the  milk  of  the  camel. 
He  describes*  it  as  perfectly  white  in  colour,  and  possessing  globules  smaller 
but  more  numerous  than  those  in  cows'  milk,  the  diameter  being  on  an 
average  one-half.  Specific  gravity,  1  042.  It  appears  to  be  rather  richer  in 
milk-sugar  and  caseine  than  cows'  milk.    Dragendorfff  has  also  analysed 


camels'  milk,  and  gives  the  following  figures  : — 

Per  cent. 

Albuminoids,   3-84 

Fat,   2-90 

Milk-sugar,   5  "66 

Ash   -66 

Water,   86-94 

§  130.  Milk  of  the  Llama. — DoyereJ  has  analysed  the  milk  of  the  llama. 
The  mean  of  his  three  analyses  is  as  follows  : — 

Per  cent. 

Milk-fat,  3-15 

Albuminoids,   "90 

Milk-sugar,  5  60 

Ash,   -80 

Water,  89-55 


§  131.  Milk  of  the  Hippopotamus. — There  are  few  opportunities  of  analysing 

*  Sur  le  Lait  de  la  Chamelle  3,  deux  Bosses,  par.  M.  Chatin.    Journal  de 
Pharmacie  et  Cheviie,  t.  i.,  4  ser.,  p.  264. 
t  Zeitschriftf.  Chemie,  1865,  s.  735. 
ZAnn.  de  I'lnst.  Atjrom.  1852,  p.  251. 


§  132.] 


MILK  OF  OTHEK  MAMMALS,  ETC. 
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the  milk  of  this  enormous  animal,  as  it  is  fierce  when  it  suckles  its  ofiFspring. 
A  sample  of  the  milk  was,  however,  investigated  by  Gunning.*  He  describes  it 
as  of  an  acid  reaction,  and  under  the  microscope  showing  larger  globules 
than  that  of  other  animals.  The  young  liippopotamus  sucks  under  water, 
and  can  remain  there  for  a  much  longer  time  than  the  adult  animal.  The 
secretion  of  milk  is  excessive  in  quantity,  and  escapes  from  the  distended 
teats  in  streams,  which  make  the  water  around  the  animal  quite  opaque. 
Its  general  composition  appears  to  be  as  follows  : — 


Milk-fat   ; 

Milk-sugar,  with  a  small  portion  of  albuminoid 
substance,  ....... 

Salts,  

Water,  


Per  cent. 
4-51 

4-40 
•11 
90-98 


§  132.  Milk  of  the  Sow. — The  mean  of  eight  analyses  collected  by  Konig-f 
of  sow's  milk,  is  as  follows  : — 


MUk-fat,  . 
Albuminoids, 
Milk-sugar,  . 
Ash,  . 
Water, 
Total  solids. 
Solids  not  fat. 


Per  cent. 
4-55 
7-23 
313 
1-05 

84-04 


15-90 
11-41 


There  are  also  two  analyses  of  the  milk  of  a  sow  investigated  by  Pilhol 
and  Joly  ;  the  animal  was  fed  on  horse-flesh,  a  diet  far  from  natural ;  under 
this  diet  was  secreted  a  highly  albuminous  fluid,  containing  but  little 
sugar.    Specific  gravity  1  -044. 


Albumen, 
Fat,  . 
Sugar,  . 

Extractives  and  salts, 
Water,  . 
Total  solids. 
Solids  not  fat. 


Per  cent. 


23  0 
16-4 


12-89 

6-6 

0-5 

3-01 
77-0 

31-9 
26-5 


21-0 
5-4 
1-2 
4-3 

68-1 


§  133.  Milk  of  the  Bitch. — The  milk  of  the  bitch  is  highly  charged  with 
albuminous  solids,  and  is  of  a  specific  gravity  ranging  from  r034  to  1  -036.  It 
has  been  investigated  by  Simon,  Dumas,  Filhol  and  Jolly,  Talmatescheff", 
Benach,  Scubotin,  and  others,  with  the  following  mean  results  : — 


Milk-fat, 
Caseine, 
Albumen, 
Milk-sugar, 
Ash,  . 
Water, 
Total  solids. 
Solids  not  fat. 


23-46 
3-83 


*  Oazetta  Chim.  Italiana,  1871,  p.  255. 
t  Op.  cit. 


Per  cent. 
9-57 
5-53 
4-38 
319 
•73 
76 -CO 
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§  134.  Milk  of  the  Cat. — The  milk  of  the  carnivora  generally  has  the  pecu- 
liarity of  having  the  milk-sugar  almost  entirely  replaced  hy  lactic  acid,  and 
hence  the  milk  invariably  possesses  an  acid  reaction.  An  analysis  of  the 
milk  of  a  cat  by  Commaille  is  as  follows.  The  milk  was  taken  twenty-four 
hours  after  kittening  ;  it  was  feebly  acid  : — 


Per  cent 

Milk -fat,   3-333 

Caseine,   3 '117 

Albumen,   5-964 

Lacto-proteine,  .......  -467 

Lactose  and  organic  acids,   4-911 

Ash   -585 

Water,   81-623 


Total  solids  18-377 

Sohds  not  fat,  15-044 


The  -467  would  correspond  to  about  -25  of  galactine. 

§  135.  Milk-like  Secretions  of  Birds  and  Plants. — It  is  usually  held  that 
mammals  alone  secrete  milk,  but  this  is  by  no  means  certain ;  for  during 
the  latter  portion  of  the  incubation-period,  as  well  as  more  profusely  for  a 
little  while  after  the  young  birds  are  hatched,  the  pigeon  secretes  a  nutritious 
albuminous  fluid  in  her  crop,  which  is  supposed  to  be  used  for  the  purpose 
of  feeding  the  young  birds.  According  to  Lecomte's  analysis  this  secretion 
contains, 

Caseine  and  salts,       .       .       .       .       .  23-23 

Fat,  10-47 

Water,  66-30 


Such  milk-like  secretions  are  by  no  means  confined  to  the  internal 
mucous  membranes  of  birds.  Jonge*  has  made  a  most  valuable  research  on 
the  secretion  of  the  glands  known  to  anatomists  as  Glandula  urophygii, 
situated  at  the  tail  of  the  common  goose.  The  secretion  was  obtained  in 
sufficient  quantity  for  a  complete  qualitative  and  quantitative  analysis,  and 
although  the  analysis  was  not  quite  so  complete  as  if  a  larger  quantity  had 
been  obtainable,  it  fairly  shows  that  there  is  a  considerable  analogy  between 
milk  and  this  secretion,  the  most  marked  difference  being  that  no  trace  of 
milk-sugar  could  be  found.    The  analyses  of  two  samples  ^'ere  as  follows : — 


1. 

Total  solids,  . 

Water,  .... 

Albumen  and  nuclein , 

179-66 

Compounds  insoluble  in 

186-77 

absolute  ether, 

Alcoholic  extract,  . 

10-90 

Water  extract, 

7-53 

Ash,      ...  1 

7-07 

391-93  415-34 
608-07  584-66 
127-63 

247-08 
18-31 
11-31 

Sol.     3-71  )  I  Sol.  7-71 

Insol.  3-36  i  I  InsoL  3  36 

*  "  Ueber  das  Secret  der  Talgdriisen  der  Vogel  und  sein  Verhiiltniss  «u 
den  fetthaltigen  Hautsecreten  der  Saugthiere,  insbesondere  der  Milch," 
Von  D.  de  Jonge.  Zeitschrift  fur  Physiol.  Cltemie,  Von  F.  Hoppe- 
Seyler.    Strasburg,  1879. 
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In  ether  extract, 
Cetyl-alcoliol, 
Oleic  acid, 
Lower  acids,  . 
Lecithin, 


1 

74 -23 
6-48 
3  73 
2-33 


2 

104-02 

14"S4 


In  the  vegetable  kingdom,  numbers  of  trees  or  plants  yield  a  white  fatty 
secretion,  popularly  called  milk,  though,  as  a  rule,  such  fluids  have  no  right 
to  this  title,  being  totally  different  in  composition  and  properties.  A 
very  remarkable  exception  to  this  assertion  is,  however,  met  with  in  the 
"  milk  tree  "  (Brosimum  galactrodendron),  to  be  found  in  Central  America. 

This  tree,  on  incision,  yields  an  abimdance  of  a  thickish  feebly  acid  fluid, 
coagulating  on  exposure  to  the  air.  M.  Boussingault  has  recently  analysed 
this  juice,  and  considers  it  perfectly  analogous  to  ordinary  milk,  since  it 
contains  a  fatty  principle,  an  albuminous  principle,  a  sugar,  and  phosphates. 
The  exact  composition  of  these  different  matters  has,  however,  not  been 
determined.    Boussingault's  general  analysis  is  as  follows  : — 


Fatty  saponifiable  matters,  . 
Sugar,  and  substances  analogous, 
Caseine,  albiimen, 
Earths,  alkalies,  phosphates, 
Substances  not  estimated, 
Water,  .       ,       .       .  , 


35-2 
2-8 
1-7 
•5 
1-8 

58-0 


This  milk  is  used  largely  as  a  food  in  the  regions  where  the  tree  grows. 


ABNORMAL  MILKS. 

§  136.  Milk  ■which  deviates  from  the  natural  secretion,  tlie 
animal  suffering  from  no  disease,  and  milk  secreted  under 
unnatural  conditions,  may  be  conveniently  classed  as  "  abnor- 
mal." (Milk  derived  from  the  unhealthy  will  be  considered 
in  another  section.)  Instances  of  healthy  cows  giving  milk  dif- 
fering essentially  from  ordinary  milk  are  very  few.  One  such, 
however,  is  recorded  by  Mr.  Pattinson,  who  analysed  the  milk  of 
a  roan  cow,  which  only  gave  2  per  cent,  of  albuminoids,  and 
yielded  no  less  than  4  grms.  per  litre  of  common  salt.  The 
animal  is  stated  to  have  been  in  good  health. 

The  newly- bom  human  infant  almost  constantly  secretes  a  fluid  in  the 
manima,  and  adult  males  have  not  only  secreted  milk,  but  that  in  abun- 
dance enough  to  suckle.  Females  also,  both  human  and  animal,  occasionally 
secrete  milk  without  having  been  previously  pregnant.  With  regard  to  the 
mdk  secreted  by  infants,  there  is  some  doubt  about  its  real  nature.  KoUiker 
(Iocs  not  view  it  as  a  true  milk,  but  considers  its  appearance  connected  with 
the  formation  of  the  mammary  glands.  Sinety,  on  the  other  hand,  upon  ana- 
tomical grounds,  considers  it  a  true  lacteal  secretion.  It  probably  is  a  sort 
of  imperfect  milk  loaded  with  leucocytes,  and  this  is  the  more  likely,  as 
Billard  {TraitS  des  Maladies  des  EnJ'aids  nouveau  nis,  3me  edition,  1837,  p. 
717)  notices  that  it  frequently  ends  in  abscess. 

Schlossberger  gives  an  imperfect  quantitative  analysis  of  a  sample  of 
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milk,*  obtained  by  squeezing  the  breasts  of  a  newly-born  infant — a  male, 
lu  the  course  of  a  few  days  about  a  drachm  was  obtained.  The  following 
was  the  result  of  the  analysis  :  — 


Water,  .... 

Fat,  

Ash,  ..... 
Caseine,  sugar,  and  extractives, 


Per  cent 
96-75 
•82 
•05 
2^83 


Sugar  reaction  strong. 

The  most  complete  analysis  we  yet  possess  of  such  mUk  is  one  by  V. 
Gesner,  which  is  given  in  the  following  table  with  other  less  perfect 
analyses  : — 

It 


Milk-fat, 
Caseine,  . 
Albumen, 
Milk-sugar, 
Ash, 

Water,  . 
Total  solids, 


1^456 
■557 
•490 
•956 
•826 
95^705 

4-295 


2J 
•82 


•05 
96 -.SO 
3-70 


3§ 

1-  40 

2-  80 

6-40 

39-40 
10-60 


Jolly  aud  Filhol  have  recorded  the  case  of  an  old  lady,  75  years  of  age,  who 
suckled  successfully  her  grandchild. ||  Similar  instances  have  been  recorded 
in  dogs,  and  we  fortunately  possess  one  or  two  analj'ses  which  show  that  the 
fluid  is  certainly  milk.  Thus  Filhol  and  Jolly  give  the  following  anal3'sis  of 
the  mUk  derived  from  a  bitch  which  had  no  connection  with  a  male  : — 


Specific  gravity,  . 
Total  solids, 
Fat,  . 
Sugar, 
Albumen,  . 

The  ash,  on  analysis,  gave  the  follow 

Chloride  of  sodium, 
Chloride  of  potassium. 
Calcic  phosphate, 
Sodic  phosphate, 
Sodic  carbonate, 


]  -069 
.     29  00 
2-20 
•32 

.  23-20 

ng  percentages  in  100  parts  : 

65-10 
3-S8 
27-75 
1-40 
1-87 


Traces  of  magnesic  and  sodic  phosphates. 

Men  before  now  have  suckled  children.  HumboldtlT  relates  the  case  of 
Francisco  Lozano,  whom  he  saw,  and  whose  case  he  carefully  investigated  ; 
and  it  appears  established  that  this  man  did  secrete  from  his  breasts  a 
nutrient  fluid  on  which  his  infant  son  lived  for  many  months,  it  is  said, 
indeed,  a  whole  year.  The  curious  in  such  matters  may  consult  the  refer- 
ences given  in  the  footnote  for  additional  cases.** 

*  TJntersuchung  der  sogenannte  Hexenmilch,  J.  Schlossberger,  Annalm 
der  Chemie  u.  Plutrmacie,  b.  87,  1852. 

^  Jahrh.f.  Kinihrkrankheilen,  N.  F.,  Bd.  ix.,  §160. 

X  Schlossberger  u.  Hauff,  Ann.  Chem.  Pharm.,  Bd.  xcvj.,  p.  68. 

§  Gabler  u.  Quevenne,  op  cit. 

II  "Eecherches  sur  le  Lait,"  iii.,  Bruxelles,  1856. 

IT  Humboldt:  "Voyage  auxRC'gions  iOquinoxiales  du  Nouveau  Continent." 
**  Robert,  Bishop  of  Cork  :  Letter  concerning  a  Maa  who  gave  Suck  to  a 
Child,  PhU.  Trans.,  1741,  No.  461,  t.  xli.,  p.  813.    Franklyn  :  "Narrative 
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Instances  have  also  been  known  of  a  like  kind  among  animals.  Schloss- 
berger  has  analysed  the  milk  derived  from  a  he-goat  (Annalen  der  C'hemie 
u.  Pharmacie,  1844)  : 

Milk-fat,  26-50 

Caseine,  with  salts  soluble  in  alcohol,  .  9 '60 
Sngar,  with  salts  soluble  in  alcohol,    .       .        2  '60 

The  ash  was  -782  per  cent. — viz.,  "325  soluble  in  water,  '457  insoluble. 
Occasionally  the  female  mammse  after  confinement  has  continued  to  yield 
milk,  although  the  infant  has  either  been  dead  or  nourished  otherwise. 
In  such  cases  the  milk  deviates  from  its  normal  composition,  and  is,  for  the 
most  part,  highly  albuminous.  In  a  case  of  this  kind  recorded  by  Filholand 
Joly,*  three  analyses  of  the  milk  were  made  as  follows,  at  different  dates, 


•about  a  week  apart : — 

1.              2.  3. 

Specific  gravity,   .       .       .       1-039          1-025  1-023 

Total  residue,      .       .       .     21-50         18 -.30  18  -63 

Milk-fat                                   5-00           6  15  7-80 

Sugar                                      2-19           1-27  3-50 

Albumen,     .       .       .       .12-96           9  00  5-65 

Extractives  and  salts,  .       .       1-35           1-88  1-68 

Water                                  78  50         81  70  81-37 

Caseine  was  entirely  absent. 

The  composition  of  the  ash  was  as  follows  : — 

Per  cent. 

Chloride  of  sodium,  .......  73-10 

Chloride  of  potassium,      ......  traces. 

Calcic  phosphate,   23-40 

Sodic  phosphate,       .......  -80 

Sodic  carbonate,   1  -89 

Magnesic  and  ferric  phosphates   -81 


GENERAL  EXAMINATION  AND  ANALYSIS  OF  MILK. 

§  137.  The  general  examination  and  analysis  of  milk  may  be 
conveniently  treated  of  under  the  following  heads: — 

I.  Microscopical  examination  of  milk. 
II.  Analytical  processes,  more  particularly  for  the  purposes  of 
the  food-analyst. 
A.  General  analysis  of  milk. 
(a.)  Specific  gravity. 
(6.)  Total  solids, 
(c.)  Extraction  of  milk-fat. 
(d.)  Extraction  of  milk-sugar, 
(e.)  Albuminoids  and  ash. 
of  a  .Journey  to  the  Shores  of  the  Polar  Sea,"  1819,  p.  157.    Cobbold  : 
Milk  from  the  Male  Mamma,  MonlMij  Journal  of  Mai.  Science,  1854; 
t.  xyni.,  p.  271.    Morgagni :  Advcnaria  Anatomica  Omnia  (V.  Animad'- 
veraw,  i.,  p.  3). 
*  Comptes  liendus,  t.  xxxvi.,  p.  571.  1853. 
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B.  Various  methods  proposed  for  extracting  the  milk- fat. 
(1.)  Solvents  for  fat. 

(2.)  Soxhlet's  process. 

(3.)  Extraction  by  ether,  acting  on  alkaline  milk. 

C.  Various  other  methods  of  milk  analysis. 
(1.)  Drying  in  a  vacuum. 

(2.)  Direct  determination  of  the  water. 
(3.)  Absorption  of  water  by  dehydrating  agents. 
(4.)  Ritthausen's  copper  process. 
(5.)  Miiller's  process. 
(6.)  Clausnizer  and  A.  Mayer's  process. 
III.  Special  details  as  to  the  more  exhaustive  and  scientific 
analysis  of  milk. 
(1.)  Analysis  of  the  milk-fat,  and  examination  of  the 

ethereal  extract. 
(2.)  Extraction  of  the  milk-sugar. 
(3.)  The  ash. 

(4.)  Estimation  of  albumen. 
(5.)  Isolation  of  galactine. 

(6.)  Isolation  of  the  principle  precipitated  by  tannin. 

(7.)  Estimation  of  urea. 

(8.)  Estimation  of  alcohol. 

(9.)  Volatile  acids. 
(10.)  Estimation  of  the  total  acidity  of  milk,  and 

estimation  of  lactic  acid. 
(11.)  Detection  of  metals  in  milk. 


I.  Microscopical  Examination  of  Milk. 

§  138.  A  mere  chemical  analysis  is  incomplete  and  insufficient 
in  itself,  and  should  in  all  cases  be  preceded  or  supplemented  by 
a  careful  and  painstaking  microscopical  examination.  Normal 
milk,  viewed  under  the  microscope,  presents  for  the  most  part  a 
multitude  of  fat  globules  floating  in  a  clear  fluid.  The  globules  of 
human  milk  measure  in  diameter  from  -002  to  'OOo  mm.;  those 
in  the  milk  of  the  cow,  from  -00002  to  -00039  inch  [-0016  to  -01 
mm.]  These  fat  globules  are  of  two  kinds.  By  far  the  most 
nunierous  are  evidently  drops  of  fluid  fat;  but  there  are  occasion- 
ally to  be  seen  others  which  would  appear  to  consist  of  solid  fat, 
for  they  are  i-ougher  on  the  surfece,  and  less  soluble  in  ether, 
characteristics  which  they  lose  on  warming,  becoming  like  liquid-fat 
globules.  In  human  milk,  and,  to  a  certain  extent,  in  cows'  milk, 
there  are  also  as  normal  constituents,  but  in  sparse  quantity — 
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(1.)  Fatty  drops  having  a  half  moon-shaped,  finely  granular 
substance ; 

(2.)  Clear  cells  enclosing  one  or  two  fatty  drops,  and  an 
eccentric  nucleus ; 

(3.)  Round  clear  bodies,  easily  coloured  by  eosin  and  picro- 
carmine.    These  last  Heidenhain  considers  to  be  free  nuclei.* 

In  the  colostrum,  or  milk  drawn  the  fii'sb  few  days  after 
parturition,  there  are  present  other  elements — viz.,  the  so- 
called  "  colostrum  cells."  Some  of  these  consist  of  a  number  of 
small  and  large  fat  globules,  held  together  by  a  hyaline  tissue  or 
membrane,  swelling  on  the  addition  of  acetic  acid  or  alkalies, 
and  only  slowly  coloured  by  aniline  red.  There  are  other 
granular  cells  colom-ed  at  once  by  the  same  reagent.  If  the  milk 
is  taken  fresh  and  warm,  and  a  minute  drop  examined  on  a 
Strecker's  warm  stage,t  and  kept  at  a  temperature  of  38°,  the 
corpuscles  will  exhibit  amoeboid  movements,  perfectly  similar  to 
those  which  have  been  noticed  in  the  white  corpuscles  -of  the 
blood.  Indeed,  it  is  almost  certain  that  the  colostrum  cells 
are  no  other  than  the  white  corpuscles  of  the  blood,  infiltrated 
with  milk-fat,  for  Heidenhain,  having  injected  into  the  dorsal 
lymph  vessel  of  the  frog  a  cc.  of  fresh  milk,  after  48  hours  found 
the  white  corpiiscles  loaded  with  milk-fat,  and  in  no  respect  dis- 
tinguishable from  colostrum  cells.  When  the  milk  has  undergone 
any  fermentation,  the  lactic  ferment  itself  may  be  identified, 
and  little  lumps  of  caseine  may  be  seen.  These  are  mostly 
irregular  and  amorphous,  but  sometimes  they  have  the  appearance 
of  flattened  cylinders,  and  other  shapes.  In  abnormal  milk  may 
be  detected  pus  or  blood,  or  sometimes  both.  If  the  pus  is 
derived  from  inflammations  within  the  mammae,  and  has  been 
mixed  with  the  milk  before  milking,  the  pus  cells  become 
infiltrated  with  milk-fat,  and  are  difficult  to  distinguish  from 
colostrum  granules;  but  if  derived  from  ulcers  on  the  teats,  they 
have  the  usual  appeai-ance  of  pus  cells.  The  pus  cells,  like  the 
colostrum  cells,  and  the  mucous  corpuscles,  are  all  di9"erent  forms 
of  white  blood-corpuscles  [leucocytes],  and  when  placed  on  the 
warm  stage  exhibit  amoeboid  movements.  Pus  cells,  as  usually 
observed,  are  spheroidal,  granular,  and  colourless,  measuring 
from  about  1-2500  to  l-3000th  of  an  inch  in  diameter.  On  treat- 
ment with  dilute  acetic  acid,  the  cell  clears  up,  and  shows  two, 
three,  or  four  nuclei.    Blood,  in  small  quantity,  gives  a  pinkish 

*  R.  Heidenhain :  "  Handbuch  dor  Physiologie."  Herausgegeben  von  Dr. 
L.  Hermann.    Leipzig,  1880. 

+  In  default  of  Strecker's  stage,  a  plate  of  copper,  having  a  central  aperture 
and  a  thick  straight  wire,  some"  inches  in  length,  may  be  used.  The  plate  is 
kept  at  the  desired  temperature  through  heating  the  wire  by  means  of  a 
spirit  lamp. 
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colour  to  milk;  if  a  large  amount  be  present,  it  sinks  to  the  bottom 
in  red  flocculent  masses,  which  soon,  from  being  deoxidised  by 
the  milk,  acquire  a  tint  varying  from  a  red  more  or  less  dark,  to 
a  shade  almost  black.  In  small  quantities  reliance  must  be 
placed  on  the  microscopic  appearance  of  the  blood-discs,  which 
are  wholly  unlike  any  cell  found  in  normal  milk.  The  red  blood- 
discs  of  the  cow  are  like  those  of  the  human  subject — little 
circular,  biconcave,  flattened  discs,  measviriug  on  an  average 
1 -4000th  part  of  an  inch.  Human  blood-discs  have  an  average 
diameter  of  1-3500  inch.  B}'  the  aid  of  the  micro-spectroscope, 
the  absorption-bands  may  also  be  seen.  These  are,  in  oxidised 
blood,  two  bands  between  D  and  E,  the  one  close  upon  the  red 
being  narrower,  darker,  and  better  defined  than  the  one  nearer 
to  the  green ;  with  deoxidised  blood,  only  one  baud  is  seen, 
between  D  and  E.  On  treating  the  blood  with  oxygen,  or  shaking 
it  up  with  air,  the  two  bands  re-appear.  In  "blue"  milks  a 
peculiar  fungus  has  been  discovered,  and  in  the  milk  from 
animals  suffering  from  foot-and-mouth  disease,  certain  special 
appearances  have  also  been  noted,  which  are  described  in  the 
section  treating  of  this  disease. 


II. — Analytical  Processes  more  Particularly  for  the 
Purposes  of  the  Food-Analyst. 

§  139.  The  early  attempts  at  the  analysis  of  milk  have  been 
already  detailed. 

One  of  the  first  accurate  processes  for  the  general  analysis 
of  milk  which  the  author  has  been  able  to  find,  was  published. in 
1853,  by  MM.  Vernois  and  A.  Becquerel.* 

A  small  quantity  [30  grms.]  was  taken,  dried,  exhausted  with 
ether,  burnt  iip  to  an  ash ;  the  sugar  obtained  "d  saccharimetre  " 
from  the  whey,  the  caseine  being  first  separated  by  coagulation 
by  acetic  acid,  and  then  estimated  by  difference.  This  process 
was  certainly  capable  of  giving  very  fair  and  accurate  results, 
and  it  is  tlie  more  curious  to  note,  how  many  English  analysts, 
even  very  recently,  employed  erroneous  and  clumsy  methods. 

Ml-.  Wanklyn,  by  his  work  on  milk  analysis.f  revived  the 
more  accurate  method  of  using  comparatively  small  quantities 
for  analysis,  thus  avoiding  very  considerable  error,  from  the  I'isk 
of  large  quantities  decomposing  by  prolonged  heating.  He 
advocated  the  use  of  platinum  dishes,  and  supported  strongly  the 

*  Comples  Remhi.t,  t.  3(),  p.  187,  1853. 

t  "  Milk- Analysis."    By  J.  A.  Wanklyn.    Lond.  1874. 


§  HO.] 


EXAMINATION  AND  ANALYSIS  OF  MILK. 


231 


doctrine  of  the  fairly  constant  character  of  the  non-fatty  consti- 
tuents of  milk,  dividing  the  total  milk  solids  into  two  divisions  : 
the  one,  "  milh-fatl'  the  other,  "  solids  not  fat!' 

Whatever  modifications  have  been  since  introduced  in  the 
methods  for  the  analysis  of  milk,  the  general  process  is  still 
on  the  principles  advocated  by  Mr,  Wanklyn. 

A.  General  Analysis  of  Milk. 

§  140.  By  the  general  analysis  of  milk  is  meant  merely  separa- 
tion of  the  milk,  by  the  aid  of  solvents,  into  milk-fat,  solids  not 
fat,  and  ash.  Siich  an  analysis  is  the  simplest  quantitative 
exercise  in  practical  chemistry,  and  might  profitably  be  given 
to  students  as  an  easy  and  pleasant  task  to  render  them  familiar 
with  ordinary  weighings  and  calculation. 

(a.)  Specific  Gravity. — The  specific  gravity  is  first  taken.  This 
may  be  done  with  fair  accuracy  by  an  hydrometer,  and  still  more 
correctly  by  a  Westphall's  balance  (or  by  the  balance  described 
at  p.  70),  or  by  a  specific-gravity  bottle.  Bottles  holding 
exactly  50  grms.  of  water  at  15°  may  be  purchased.  The  bottle 
in  tilled  with  the  milk,  first  brought  to  the  required  temperature, 
by  either  cooling  or  heating,  as  the  case  may  be,  and  weighed, 
and  the  specific  gravity  obtained  by  multiplying  by  -02 ;  or  if  a 
bottle  is  used  which  contains  no  simple  multiple  of  100  grms. 
of  water,  the  ordinary  equation  may  be  used, — 

Weight  of  water  :  1  -000  :  :  weight  of  milk  :  specific  gravity. 

(6.)  Total  Solids. — The  specific  gravity  having  been  obtained, 
exactly  10  cc.  are  transferred  by  means  of  a  pipette  to  a  plati- 
num dish,  and  submitted  to  the  action  of  a  water-bath,  until 
the  contents  cease  to  lose  weight;  this  usually  takes  from  two 
and  a  half  to  three  hours.  It  may  be  proved  by  direct  experi- 
ment, that  the  results  from  the  use  of  platinum  are  far  more 
constant  and  more  speedily  obtained  than  those  obtained  by  the 
use  of  porcelain  or  glass  evaporating  dishes.  The  author  has 
invariably  found  that  porcelain  gave  a  higher  result  than  plati- 
num, or,  in  other  words,  porcelain  is  more  favourable  to  the 
milkman.  When  the  residue  is  perfectly  dry,  it  is  at  once 
weighed,  and  the  results  expressed  in  percentage  by  weight. 
The  weight  of  the  10  cc.  is  known  from  the  specific  gravity 
already  taken.  Thus,  supposing  a  milk  of  1-032  specific  gravity 
to  give  a  total  residue  from  10  cc.  of  1-423  grm.  :  since  the 
specific  gravity  has  shown  that  100  cc.  of  the  milk  weighed 
103-2  grms.,  it  follows  that  10  cc.  must  weigh  10-32  grms. 
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Hence,  10-32  grms.  have  yielded  a  residue  of  1*423  grms.,  which 
is  (calculating  only  to  the  first  decimal  place)  13"7  per  cent. 

(c.)  Extraction  of  Milk-Fat. — On  treating  this  dry  residue  by 
ether,  or  petroleum,  a  further  loss  will  be  perceived  when  the 
ether  is  poured  off,  and  the  fat-free  residue  is  first  dried  and  then 
weighed  ;  and  this  loss  represents  the  milk-fat. 

{d.)  Extraction  of  the  Milk-Sugar. — On  now  exhausting  tliis 
residue  by  weak  boiling  alcohol,  repeatedly  filtering  the  alco- 
holic fluid,  and  evaporating  to  dryness,  the  milk-sugar,  with 
mineral  matters  dissolved  out  by  the  alcohol,  is  obtained.  This 
evaporation  is  best  effected  in  a  platinum  dish.  On  drying  very 
carefully,  weighing,  and  then  burning  the  sugar  away,  the  ash 
is  left,  and  must  be  weighed  and  subtracted  from  the  original 
residue  of  milk-sugar  and  ash.  The  amount  of  sugar  is  thus 
obtained  with  fair  accuracy,  always  being  a  little  too  high. 

(e.)  Albuminoids  and  Ash. — Lastly,  the  caseine,  albumen,  and 
insoluble  ash  left  from  these  operations  may  be  carefully  dried 
and  weighed,  and  then  burnt  to  an  ash.  This  ash,  subtracted  from 
the  total  weight,  gives  the  percentage  of  albuminoids,  while  the 
ash  from  this  operation,  added  to  the  amount  of  ash  from  the 
sugar  residue,  gives  the  "total  mineral  constituents."  Thus,  in 
this  way,  it  is  quite  possible,  with  care,  to  make  an  accurate  and 
satisfactory  general  analysis  of  milk  by  iising  only  10  cc.  In 
practice,  however,  it  is  found  far  more  convenient  and  accurate 
to  take  two  or  three  separate  portions  for  the  analysis  :  for  ex- 
ample, 10  cc.  for  the  determination  of  "  total  solids  "  and  ash  ; 
and  25  cc.  for  the  milk-fat. 

The  foregoing  is  a  brief  sketch  of  the  principles  of  the  proxi- 
mate analysis  of  a  sample  of  milk.  It  will  be  seen  that  by  the 
simple  use  of  heat,  and  the  application  of  solvents,  such  as 
alcohol  and  ether,  milk  is  divided  into  water,  milk-fat,  milk- 
sugar,  albuminoids,  and  mineral  matters.  It  is  necessary  now 
to  consider  more  in  detail  the  various  processes  Av^hich  have  been 
proposed  for  effecting,  in  the  most  accurate  and  expeditious 
manner,  this  division. 

B.  Various  Methods  Proposed  for  Extracting  the  Milk-Fat. 

(1.)  Solvents  for  Fat. — The  solvents  for  milk-fat  are  petroleum, 
ether,  or  bisulphide  of  carbon.  Of  these  the  latter  is,  all  things 
considered,  the  most  suitable,  since  it  has  no  solvent  action  on 
the  lactic  acid.  In  quite  fresh  milks,  however,  the  quantity  of 
lactic  acid  is  so  small,  that  ether  may  be  used.  25  to  50  cc.  of 
milk  are  evaporated  in  a  flat  dish  with  constant  stirring  and 
breaking-up  of  the  caseous  films  by  a  glass  rod,  until  the  whole 
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is  reduced  to  a  rather  coarse  granular  powder.  This  powder  may 
be  transferred  to  any  simple  apparatus  in  use  for  the  exhaustion 
of  substances  by  volatile  solvents  ;  as,  for  examj)le,  Soxhlet's, 
described  at  page  67. 

(2.)  Soxhlet's  Process. — F.  Soxhlet*  is  the  author  of  a  very 
ingenious  process  of  milk  analysis.  This  process  is  based  on  the 
fact,  that  if  a  measured  quantity  of  milk,  alkalised  by  caustic 
potash,  be  shaken  up  with  ethei-,  the  ether  fully  extracts  the 
milk-fat,  and,  on  standing,  collects  in  a  clear  layer.  A  small, 
quite  constant,  proportion  of  ether  remains  in  solution  in  the 
milk,  without  retaining  any  of  the  fat,  and  without  affecting  the 
result.  The  amount  of  the  fat  dissolved  in  the  ether  may  be 
determined  by  the  specific  gravity  of  the  ether  ;  the  higher  the 
specific  gravity  the  greater  the  proportion  of  milk-fat.  The 
details  of  Soxhlet's  method  are  as  follows  : 

The  apparatus  figured 
(see  fig.  26)  is  used.  C  is 
a  measuring  flask  of  300  cc. 
capacity,  provided  with  a 
doubly  perforated  cork, 
and  connected,  on  the  one 
hand,  with  the  caoutchouc 
elasticbulbs  figured,  which 
are  furnished  with  suitable 
valves,  and,  on  the  other, 
with  the  tube  D,  which 
is  provided  with  a  water- 
jacket.  This  tube  carries 
an  areometer,  E,  which 
bears  a  delicate  scale  of 
from  -766  to  -743,  and  it 
has  also  a  thermometer, 
divided  into  thirds  of  a 
degree.  200  cc.  of  milk 
are  measured  by  means 
of  a  pipette,  and  run  into 
the  flask;  10  cc.  of  potash 
and  60  cc.  of  ether,  which 
has  been  saturated  with 
water  at  from  16='-5  to 
18°-5,  are  then  added,  and 
the  whole  shaken  up  in 
tlie  properly  closed  flask 
for  a  quarter  of  an  hour.  The  fluid  is  then  allowed  to  repose  until 
*  Zeitgchrift  der  Landwirlhsch.-Ver.  Bayern.  1880. 


Fig.  26. 
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the  ether  rises  in  a  clear  layer  to  the  sui'face.  By  gently  working 
the  caoutchouc  bulbs,  a  sufficient  quantity  of  the  fat-laden  ether 
may  now  be  blown  up  into  the  tube  D,  to  float  the  areometer. 
(It  should  be  mentioned  that  the  tube  going  through  the  perfo- 
rated cork  of  C,  is  so  arranged  as  to  dip  well  into  the  ether,  but 
does  not  touch  the  surface  of  the  milk.)  The  areometer  must  float 
freely,  and  for  this  purpose  there  are  little  prominences  on  the 
inside  of  D,  about  the  middle,  for  the  purpose  of  keeping  the 
instrument  from  adhering  to  the  side.  When  sufficient  ether 
has  thus  been  blown  up,  it  is  retained  by  a  piueh-cock,  and  a 
cork  is  fitted  into  the  tube  D,  to  prevent  loss  by  evaporation. 
The  water  in  the  jacket  must  be  of  any  temperature  between 
16°-5  and  18° -5.  The  specific  gravity  once  in  this  way  obtained, 
and  the  temperature  of  the  areometer  noted,  the  content  in  fat 
of  the  milk  is  determined  by  the  annexed  table. 

If  the  temperature  is  exactly  17° '5,  then  no  correction  is 
required;  but  if  it  is  above  that  temperature,  for  every  degree, 
a  degree  must  be  added  to  the  gravity ;  if  below,  for  every 
degree,  a  degree  must  be  subtracted.  Thus,  supposing  the  areo- 
meter marks  58"9  at  16° -8,  then,  as  the  difi'erence  between  16°-8 
and  17°*5  is  "7,  subtract  '7  from  58*9,  equalling  58'2  ;  or  if  the 
observation  be  47'6  at  18°4,  then  the  corrected  value  is  48-5 
{i.e.,  specific  gravity  -74850). 

Afterwards  the  ether  is  allowed  to  run  back  into  the  flask, 
and  D  is  washed  out  with  a  little  ether.  The  author  thinks 
that  the  apparatus  might  be  imjDroved  by  adapting  the  prin- 
ciples used  in  the  tube  figured  at  p.  69,  and  floating  the  ether 
layer  by  means  of  mercury. 

(3.)  Extraction  hy  Ether  acting  on  Alkaline  Milk. — The  author 
has  recently  made  some  determinations  of  milk-fat  by  shaking 
up  milk  made  very  alkaline  by  soda,  in  a  graduated  tube 
like  the  one  proposed  at  p.  69.  By  now  expelling  by  means 
of  the  mercury  reservoir  a  known  bulk  of  the  ether,  and  drj'- 
ing  it  up,  the  fat  is  estimated  with  great  rapidity.  According  to 
test-experiments  the  percentage  of  fat  obtained  is  the  same 
as  that  by  exhaustion  methods — to  the  first  decimal  place  :  hence, 
though  not  suitable  for  exact  scientific  inquiry,  it  will  be  found 
sufficiently  accurate  for  all  technical  purposes. 

C.  Various  other  Methods  of  Milk  Analysis. 

§  141.  There  are  other  methods  of  analysing  milk  : — 
(I.)  Drying  in  a  Vacuum. — The  author  finds  that  by  putting 
5  cc.  of  milk  in  a  small  strong  flask,  and  connecting  this  flask  with 
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nimibera  in  the  specific  gravity  column  correspond  to  tbose 
on  the  areometer  scale,  the  number  7  beintr  omitted  011  account  of  the 
narrowness  of  the  stem  of  the  instrument ;  thus  40  really  means  7460  and 
so  on  with  the  rest. 
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a  second  containing  strong  sulphuric  acid,  and,  lastly,  attaching 
the  two  flasks  to  a  Lane-Fox  mercury  pump,  the  milk  solids 
may  be  boiled,  and  the  water  expelled  off  at  a  temperature  of 
about  40°.  The  solids  are  perfectly  dry  in  about  one  hour  and 
a  quarter.  It  was  noticed  in  some  test-experiments  that  iu  all 
cases  the  dry  solids  obtained  in  this  way  were  about  -5  per  cent, 
higher  than  the  weight  of  dry  solids  in  the  water-bath — a  proof 
that  in  all  cases  drying  in  the  ordinary  Avay  entails  loss.  After 
the  dry  solids  have  been  deprived  of  fat  by  ether  or  petroleum, 
the  albumen  and  sugar  may  be  dissolved  out  by  cold  water  to 
which  acetic  acid  has  been  added.  On  precipitation  of  the 
albumen  by  boiling,  the  latter  may  be  collected  on  a  weighed 
filter,  di'ied,  and  weighed.  On  evaporation  of  the  filtrate,  the 
soluble  ash,  the  milk-sugar,  and  the  bodies  described  at  p.  242 
are  left ;  on  ignition,  the  difference  of  weight  before  and  after 
gives  very  nearly  the  amount  of  sugar.  Lastly,  the  caseine  and 
insoluble  ash  are  obtained  from  the  portion  of  ox'iginal  milk 
insoluble  in  cold  water. 

(2.)  Direct  Determination  of  the  Water. — In  most  analyses  the 
water  is  inferred  from  the  loss ;  it  may,  however,  occasionally  be 
necessary  to  estimate  it  directly.  This  can  be  readily  done  as 
follows  : — 5  cc.  of  milk  are  placed  in  a  small  flask  ;  a  piece  of 
tubing  is  sealed  at  one  end,  and  graduated  into  cc.'s ;  it  will 
only  be  necessary  to  mark  it  at  4*5  and  at  5 -5,  graduating 
it,  between  these  numbers,  into  lOths.  The  tube  is  now  bent 
twice  at  right  angles,  and  connected  by  a  caoutchouc  cork  to  the 
flask;  another  narrow  tube  goes  to  the  mercury  pump;  the 
flask  is  now  exhausted  of  air ;  and  by  applying  a  flame  to  tlie 
connecting  tube,  the  tube  is  drawn  out  and  sealed.  By  now 
plunging  the  limb  of  the  gi'aduated  sealed  tube  into  ice  and  salt, 
and  gently  warming  the  flask,  the  milk  boils,  the  water  is  all 
condensed  in  the  limb,  and  the  amount  can  be  seen  by  simple 
inspection.  A  somewhat  similar  method  of  analysing  milk,  by  a 
special  apparatus,  has  been  recently  patented  in  Germany,  by  J. 
Petri  and  R.  Muencke.* 

(3.)  Absorption  of  Water  hy  Dehydrating  Agents. — Another 
method  for  the  general  analysis  of  milk  consists  in  adding  an 
excess  of  anhydrous  gypsum  to  the  milk,  which  very  rapidly 
extracts  the  water ;  the  powder  can  then  be  exhausted  by  ether, 
and  the  fat  estimated,  while,  similarly,  the  sugar  may  be  dis- 
solved out  by  alcohol.  This  method  for  the  purpose  of  estimation 
of  fat  and  sugar  is  most  decidedly  rapid  and  convenient. 

(4.)  Eitthausen' s  Copper  Process. — Eitthausent  dilutes  milk  to 

*  Deutsche  Patentschrift,  No.  7477. 

+  "Neue  Metliode  zur  Analyse  der  Milch,"  and  "  Ueber  ein  vom  Milch- 
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twenty  times  its  volume,  and  adds  a  solution  of  copper  acetate, 
10  cc.  =  -0095  CuO  [or  copper  sulphate,  10  cc.  =  -2  CuO].  A 
sufficient  solution  of  KHO  or  NaHO  must  also  be  added,  to 
prevent  the  separation  of  basic  salt.  On  filtration,  a  filtrate 
separates  containing  no  copper,  and  may  be  used  for  the  estima- 
tion of  sugar  by  Fehling's  solution ;  the  precipitate  is  dried  and 
exhausted  of  fat,  and  ultimately  ignited.  This  method  has  not 
come  into  general  use,  and  is,  on  the  whole,  not  to  be  recom- 
mended. 

(5.)  Mailer's  Process. — Alexander  Miiller*  is  the  author  of  a 
method  of  milk  analysis  which  is  ingenious,  but  it  is  difficult  to 
see  in  what  way  it  is  superior  to  other  processes  more  used,  either 
in  precision  or  accuracy.    He  uses  small  flasks,  the  weight  of 
which  must  not  exceed  25  grms.,  which  will  hold  when  full 
about  60  to  65  cc.    In  one  of  these  small  flasks  6  cc.  of  the  milk 
are  put  and  weighed  ;  exactly  50  cc.  of  a  mixture  of  1  volume 
absolute  alcohol  and  3  volumes  ether  are  now  added,  with  special 
precautions  to  prevent  loss  by  evapoi-ation.    The  solvent  is 
allowed  to  act  for  twenty-four  hours.    The  precipitate  by  this 
time  has  separated  completely,  and  it  is  possible  to  isolate  the 
alcohol-ether  contents  without  filtration.    The  next  process  is 
to  obtain  exactly  50  cc.  of  the  liquid  without  loss  and  without 
the  precipitate.    This  is  eff'ected  by  connecting  the  digestion 
flask  by  means  of  a  bent  tube  with  a  flask  which  is  marked  for 
50  cc.  on  the  neck.    This  last  flask  has  a  double  bored  cork,  one 
carrying  the  connecting  tube,  the  other  a  tube  for  the  purposes 
of  suction ;  and  the  ether-alcohol  is  carefully  sucked  over  to 
the  mark,  gently  inclining  the  digestion  flask,  &c.    Lest  the 
incoming  air  should  carry  away  any  of  the  alcohol-ether,  it  (the 
air)  is  made  to  pass  first  through  a  few  cc.  of  ether  in  a  third 
flask.    The  50  cc.  are  evaporated  to  dryness,  and  contain  fat, 
with  a  little  milk-sugar  and  a  little  common  salt.    For  teclinical 
purposes,  a  correction  constant  is  made  for  these  impurities  of 
aliout  one-quarter  per  cent. ;  while  for  scientific  purposes,  the 
fat  is  taken  up  again  by  means  of  petroleum  ether.  The 
residue  in  the  digestion  flask  contains  nearly  all  the  milk-sugar, 
the  mineral  constituents,  and  the  albuminoids;  it  is  dried  and 
weighed  in  the  usual  way.    The  fat  from  the  one  flask  and  the 
solids  from  the  other,  when  added  together,  equal  the  total  solids. 
MUlier  calculates  the  caseine  by  determining  the  nitrogen,  and 
obtains  the  ash  by  acidulating  6  cc.  with  a  little  nitric  acid, 

Zucker  vcrschiedenes  Kohlenhydratc  in  tier  Kuhmilch,"  von  H.  Ritthausen, 
Journal  fur  Prak.  Ghc.mie,  1.5,  p.  329,  1877. 
*  Zeilschrift/ur  Analytische  Ghemie,  xx.  189. 
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heating  slowly  with  a  heat  that  is  gradually  inci'eased  from 
gentle  warmth  up  to  redness.* 

(6.)  Clausnizer  and  A.  Mayer^s  Process. — An  indirect  method 
of  estimating  milk-fat  has  been  proposed  by  F.  Clausnizer  and 
A  Mayer.t  They  assume  that  every  percentage  of  "  milk  solids 
not  fat "  raises  the  specific  gravity  "00375,  whilst  every  1  per 
cent,  of  fat  lowers  the  specific  gravity  -0010  ;  by  therefore  first 
making  an  accurate  determination  of  the  specific  gravity,  and  then 
drying  the  solids,  the  amount  of  fat  can  be  known  by  using  the 
following  formula — 

a;=fat, 

s= specific  gravity, 
<= total  solids, 

\  +  (t-x)  0-00375 -s=a;  .0-0010; 

l  +  <  0-00375 -s=a;.  -00475 

_t.  -00375+1-8 
^~  -00475 

For  the  sake  of  expedition  they  only  evaporate  -5  cc.  of  milk. 

Summary  of  the  Processes  for  the  Technical  Analysis  of  Milk 
already  described. 

What  particular  procedure  an  analyst  may  select  to  obtain 
a  knowledge  of  the  general  composition  of  milk,  will  mainly 
depend  upon  the  purposes  for  which  the  analysis  is  required. 
Where  a  large  number  of  milks  are  analysed  daily,  there  is 
scarcely  any  more  convenient  and  ti'ustworthy  method  than  to 
have  one  or  two  dozen  little  platinum  dishes  (Wanklyn's)  fitted 
into  a  suitable  water-bath,  and  take  tlie  "total  solids"  and  ash 
in  these  dishes,  while  the  fat  is  extracted  from  another  portion 
by  carbon  disulphide  in  a  Soxhlet's  apparatus,  of  which  half  a 
dozen  or  more,  with  attached  condenser,  should  under  such 
circumstances  be  fitted  up  permanently.  On  the  other  hand, 
special  circumstances  may  arise  rendering  some  of  the  newer  pro- 

*  It  is  necessary  to  observe  that  in  extracting  the  fatty  constituents  by 
this  ether  process,  when  50  cc.  of  ether-alcohol  are  added  to  6  cc.  of  milk, 
the  c.  volume  is  not  56  cc,  but  54-3  cc. ;  therefore,  the  weighed  f&t  must 
be  multiplied  by  in  order  to  obtain  the  quantity  of  matters  dissolved 
from  6  cc. 

t  F.  Clausnizer  and  Adolf  Mayer.  Forschungen  auf  dem  Gebiete  der 
Viehhaltung  in  ihrer  Erzeugnisse,  1879,  265. 
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cesses  enumerated  at  pp.  234-238  more  suitable.  If,  for  example, 
there  should  be  a  dispute  about  the  actual  amount  of  water 
in  a  certain  milk,  it  will  be  more  satisfactoiy  to  estimate  the 
water  by  distilling  it  over  in  a  vacuum,  tlian  to  determine 
it  solely  by  the  loss. 

Again,  if  it  should  be  desired  to  gain  rapidly  some  approxi- 
mate idea  of  the  quantity  of  fat  and  total  solids  in  milk,  a 
careful  determination  of  the  specific  gravity,  and  determination  of 
the  fat  by  some  of  the  processes  at  pp.  233,  234,  have  no  small 
advantages  where  time  is  an  object.  The  analyst  has,  indeed,  a 
great  variety  of  processes  to  choose  from  ;  those  detailed  may 
be  modified  in  many  ways  ;  they  cannot  be  pronounced  of  equal 
value  or  of  equal  accuracy  ;  but  each  possesses  certain  advantages 
and  certain  claims — in  this,  as  in  most  other  things,  "  the  fittest 
survives,"  and  is  adopted. 


III.  Special  Details  as  to  the  More  Exhaustive  and 
Scientific  Analysis  of  Milk. 

§  142.  (1.)  Analysis  of  the  Milk-Fat  and  Examination  of  the 
Ethereal  Eodract  of  Milk. — The  milk-fat  is  seldom  analysed,  save 
when  met  with  in  commerce  as  butter.  Yet,  in  the  complete 
examination  of  milks  suspected  to  be  abnormal,  it  is  of  some 
importance  to  examine  the  ethereal  extract  as  thoroughly  as 
possible.  The  ethereal  extract  should  be  tested  for  nitrogenous 
substances,  for  phosphorous  compounds,  and  for  cholesterine, 
and  finally  saponified,  and  the  volatile  acids  at  least  estimated. 
Nitrogenous  matters  may  be  assumed  to  be  absent  if,  on  boiling 
the  fat  with  a  strong  alkaline  lye  (proved  to  be  ammonia-free) 
and  distilling,  an  alkaline  distillate  is  not  obtained. 

Phosphorus  may  be  tested  for  by  burning  up  the  fat 
intimately  mixed  with  a  mixture  of  carbonate  and  nitrate 
of  soda,  dissolving  the  ash,  acidifying  with  nitric  acid,  and 
testmg  with  raolybdate  of  ammonia.  Any  precipitate  which 
occurs  is  allowed  to  stand  for  twelve  hours,  and  is  then  filtered 
of},  dissolved  in  dilute  ammonia,  and  precipitated  by  tl)e  ordinary 
magnesia  mixture.  Thus,  the  experiment  may  be  made  quantita- 
tive as  well  as  qualitative,  for  the  ammonio- magnesia  pliosphate 
may  be  dried,  ignited,  and  weighed.  The  further  analysis  of 
the  milk-fat  is  described  in  the  article  on  "  Butter." 

C7tofe.9<erme.— Cholesterine  is  found  in  many  fluids  of  the 
body,  and  is  a  constant  constituent  of  pus.  It  is  occasionally 
present  in  milk.  Cholesterine,  if  present  in  milk,  will  bo  found 
in  the  ether  extract.    The  ether  having  been  distilled  off,  the 
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fatty  residue  is  dissolved  and  saponified  in  boiling  alcoholic 
potash,  the  alcohol  is  evaporated  from  the  soap,  and  to  the 
residue  a  little  water  is  added,  and  then  the  fluid  shaken  up 
■with  ether,  which  will  not  dissolve  the  soap,  but  will  take  up 
any  cholesterine  that  may  be  present.  The  ether  is  carefully 
removed  by  a  pipette,  and  any  residue  found  on  evaporating 
repeatedly  crystallised  from  a  mixture  of  alcohol  and  ether. 
Pure  cholesterine  appeal's  under  the  microscope  as  thin  rhombic 
plates,  melting  point  about  145°,  but  should  it  be  impure  the 
melting  point  is  lower  than  this.  It  is  insoluble  in  water,  in 
concentrated  alkaline  solutions,  and  in  dilute  acids.  A  drop  of 
concentrated  sulphuric  acid,  added  to  a  crystal  with  a  very 
little  iocline,  causes  a  play  of  colours,  passing  from  violet-blue 
into  green,  and  lastly  red. 

§  143.  (2.)  Extraction  of  the  Milk-Sugar. — The  milk  solids 
freed  from  fat  are  first  treated  with  strong  alcohol,  which 
renders  the  albiimen  insoluble,  then  a  little  water  is  added,  and 
the  liquid,  now  in  effect  weak  alcohol,  boiled  for  a  few  minutes. 
This  is  filtered,  and  the  process  repeated  three  times.  If  10 
to  20  cc.  of  milk  is  the  quantity  originally  used,  then  the  total 
filtrate  should  be  at  least  70  to  100  cc.  This  is  now  evaporated 
to  dryness  on  the  water  bath,  weighed,  and  finally  ignited.  The 
loss  on  ignition  represents  the  milk-sugar  contaminated  with 
galactine,  some  lactochrome,  and  the  substances  precipitated  by 
tannin.  The  solvent  processes  given  are  sufficient  for  most 
purposes  ;  but  when  scientific  accuracy  is  required,  it  is  best  to 
estimate  by  copper  suboxide.  Thus,  25  cc.  of  milk  are  diluted 
with  400  cc.  water,  and  then,  to  get  rid  of  the  fat  and  albuminoids, 
treated  with  10  cc.  of  a  solution  of  copper  sulphate  (strength 
69-28  crystallised  CuSO^  per  litre);  6-5  to  7 '5  cc.  of  a  solution  of 
potash  is  added  (the  solution  must  be  so  proportional  in  strength 
that  1  vol.  of  the  alkaline  solution  will  exactly  precipitate  1  vol. 
of  the  copper  solution).  After  this  addition  the  fluid  must 
still  have  an  acid  reaction,  and  hold  some  copper  in  solution. 
The  liquid  is  made  up  to  500  cc,  and  filtered  ;  100  cc.  of  the 
liquid,  the  strength  of  which  is  about  one-fourth  per  cent.,  is 
boiled  with  50  cc.  of  Fehling's  solution.  After  six  minutes  the 
solution  is  filtered  through  an  asbestos  filter,  and  the  copper 
oxide  reduced  to  metallic  copper  in  a  sti-eam  of  hydrogen.  The 
following  table  is  used  to  correct  the  errors  arising  from  difi'erent 
concentrations  of  the  solutions.  For  example,  if  the  copper 
weighs  240  mgrms.,  the  true  weight  of  the  sugar  is  calculated 
from  the  number  nearest  to  240  in  the  table — viz.,  237-5,  and 
so  on  — 
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TABLE  XV. 


Weight  of  Copper. 

MUk-sugar. 

100  parts  of  IHlk-Bugai-. 
Precipitiite  of  Copper 
Oxide. 

Reduction  Batio. 

392-7 

300 

130-9 

1  :  7-43 

363-6 

275 

132  2 

1  :  7-50 

333  0 

250 

133-2 

1  :  7-56 

300-8 

225 

133-7 

1  :  7  -59 

269-6 

200 

134-8 

1  :  7-65 

237-5 

175 

135-7 

1  :  7  -70 

204-0 

150 

136-0 

1  :  7-72 

171-4 

125 

1371 

1  :  7-78 

138-3 

100 

138-3 

1  :  7-85 

§  144.  (3.)  The  Ash. — The  ash  is  estimated  in  a  quantity  of 
milk,  which  should  not  exceed  25  cc.  It  will  be  found  that 
larger  quantities  do  not  at  all  conduce  to  accuracy,  as  the  large 
amount  of  carbon,  with  even  great  care,  develops  too  much  heat, 
and  the  phosphates  ai-e  liable  to  fuse,  enclosing  little  particles 
of  charcoal  extremely  difficult  to  burn.  With  small  quantities, 
however,  the  milk  rapidly  burns  to  an  almost  white  ash.  It 
may  be  further  analysed  on  the  principles  laid  down  at  p.  97. 

§  145.  (4.)  Estimation  of  Albumen. — This  is  most  rapidly  done 
when  the  milk  solids  are  dried  in  a  vacuum,  as  described  at 
p.  234,  then  the  albumen  may  be  dissolved  out  by  the  aid  of 
cold  watei',  acidulated  by  acetic  acid.  If  this  process  is  not 
adopted,  the  following  maybe  used: — 100  cc.  of  milk  are  divided 
into  three  equal  portions.  One  of  these  portions  is  diluted  to 
about  four  times  its  volume,  and  acidified  with  dilute  acetic  acid 
until  the  caseine  coagulates  in  a  flocculent  condition  ;  a  current 
of  carVion  dioxide  is  now  passed  through,  and  the  precipitate 
allowed  to  subside.  The  whey  is  then  carefully  syphoned  oS"  on 
to  the  second  portion  of  the  milk  ;  more  acid,  if  necessary,  is 
added ;  the  same  operation  repeated ;  and  this  second  whey 
similarly  added  to  the  third  portion  of  milk.  Finally,  the  whole 
of  the  caseine  is  collected  on  a  filter,  and  washed.  Tlie  result  of 
tiie  process  is,  that  the  albumen  from  100  cc.  of  milk  is  held 
in  solution  in  about  250  to  300  cc.  This  solution  is  now  raised 
to  the  boiling  point,  and  gently  boiled  for  a  few  minutes.  The 
whole  of  the  albumen  falls  down,  and  is  easily  collected  on  a 
previously  dried  and  weighed  filter.  This  easy  separation  of  the 
caseine  and  albumen  by  acetic  acid  and  carbon  dioxide  only 
applies  to  the  milk  of  the  cud-chewers ;  with  human  milk,  the 
milk  of  the  horse  or  of  the  ass,  the  process  gives  no  good  result : 
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"when  treated  in  the  same  way,  it  is  true  that  the  caseine 
appears  to  coagulate,  but  it  is  in  a  state  of  such  fine  division  that 
nearly  all  of  it  remains  suspended  in  the  liquid,  and  fiJtration 
through  paper  becomes  impossible.  From  all  these  a  clear 
filtrate  may,  however,  be  obtained  by  filtration  under  pressure 
through  a  porous  cell.  The  method  for  this  purpose  used  by  the 
author  is  to  take  an  ordinary  cylindrical,  porous  earthenware 
cell,  such  as  are  sold  for  galvanic  batteries ;  to  sto]3per  it  with  an 
accurately-fitting  caoutchouc  plug,  perforated  in  the  centre;  and 
then,  by  means  of  an  angle  tube  and  caoutchouc-pressure  tubing, 
to  attach  it  to  the  mercury  pump.  The  milk  is  diluted,  acidified 
with  acetic  acid,  and  saturated  with  carbon  dioxide  as  before; 
the  cell  is  then  totally  immersed  in  the  dilute  acid  milk,  which 
for  this  purpose  is  placed  in  a  tall  beaker;  a  good  vacuum  is 
maintained,  and  ultimately  the  whole  of  the  whey  passes  through, 
and  the  caseine  may  be  washed  two  or  three  times  with  water. 
Besides  this  very  convenient  method,  there  are  many  substances 
which  will  carry  down  the  precipitated  caseine  mechanically; 
thus,  the  author  has  found  that  a  solution  of  phosphate  of  lime  in 
acetic  acid  may  be  added  to  the  acid  milk ;  when,  on  cautiously 
neutralising  with  ammonia,  the  earthy  precipitate  clears  the 
liquid  by  its  mechanical  action. 

§146.  (5.)  Isolation  of  Galactine. — A  litre  of  milk  is  the  smallest 
quantity  which  can  be  taken  for  the  isolation  of  galactine.  As  in 
the  previous  operation,  100  cc.  of  milk  are  greatly  diluted,  the 
caseine  coagulated,  and  the  whey  sepai'ated  by  subsidence.  This 
whey  is  used  for  the  precipitation  of  a  second  portion,  and  the 
same  whey  from  the  second  portion  for  the  precipitation  of  a 
third,  and  so  on.  By  this  means  it  is  possible  to  obtain  the 
whey  from  a  litre  of  milk  in  a  form  not  too  dilute.  The  albumen 
may  be  separated  from  time  to  time  in  the  different  fractions,  or 
in  one  concluding  operation  ;  lastly,  the  caseine  must  be  collected 
and  well  boiled,  and  the  liquid  separated  from  it  by  filtration  and 
strong  pressure.  A  solution  of  nitrate  of  mercury  is  now  added, 
and  decomposed  by  hydrogen  sulphide,  and  the  filtrate  pre- 
cipitated by  lead  acetate.  The  amount  of  galactine  may  be 
estimated  from  the  weight  of  the  lead  oxide  left  on  ignition  of 
the  lead  compound,  for  it  will  be  found  that  the  complete  drying 
of  the  lead-galactine  is  tedious. 

§  147.  (6.)  Isolation  of  the  Principles  Precipitated  hj  Tannin. — 
The  whey,  now  freed  from  caseine,  albumen,  galactine,  and 
colouring-matter,  but  containing  mercury  nitrate,  must  be  made 
alkaline',  the  precipitate  filtered  off,  the  liquid  saturated  with 
hydrogen  sulphide,  any  precipitate  again  filtered  off,  the  liquid 
concentrated  to  a  small  bulk  and  completely  precipitated  with 
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tannin.  The  tannin  precipitate  is  decomposed  as  before  described, 
p.  213. 

§  148.  (7.)  Estimation  of  Urea. — The  estimation  of  urea  is  of 
some  importance,  since  any  disorder  interfering  with  the  action 
of  the  kidneys  throws  (as  has  been  well  ascertained)  an  excess  of 
urea  on  all  the  secretions  of  the  body.  A  known  quantity  of 
milk,  which  should  not  be  less  than  half  a  litre,  is  evaporated  with 
constant  stirring  in  very  large  flat  dishes  to  a  granular  condition. 
The  fat  is  next  extracted  by  dry  ether,  and  from  the  fat-free 
solids  the  urea  is  extracted  with  other  substances  by  boiling 
alcohol.  The  alcoholic  solution  is  evaporated  to  diyness  ;  and 
from  this  dry  residue  absolute  alcohol  will  extract  the  urea  nearly 
pure.  A  litre  of  milk  in  its  normal  state  yields  about  10  mgrm.s. 
Urea  must  be  identified  by  its  properties  as  follows  : — 

It  is  crystalline,  crystallising  in  quadratic  prisms,  and  polar- 
ising with  a  gentle  blue  colour  under  the  microscope.  Tlie  crystals 
should  be  heated  with  a  little  hydrate  of  bai*yta  in  a  closed  tube 
to  200°  for  some  hours,  when  a  very  definite  reaction  ensues, 
ammonia  and  carbon  dioxide  being  produced.  The  liquid  may 
be  distilled,  and  ammonia  identified  by  the  Nessler  test.  Car- 
bonate of  baryta  will  appear  as  a  precipitate,  and  may  be  readily 
examined,  convei'ted  into  sulphate,  and  weighed ;  1  part  of 
barium  sulphate  =  -2574  urea.  A  convenient  method  of  identify- 
ing urea  is  also  to  dissolve  the  crystals  in  the  smallest  possible 
quantity  of  water,  and  then  to  add  a  drop  of  dilute  nitric  acid  ; 
the  nitrate  of  urea  is  pi'ecipitated,  and  can  be  identified  by 
its  microscopic  characters.  Nitrate  of  urea  crystallises  on  the 
rliombic  system.  The  most  common  appearance  is  that  of  large 
plates,  many  of  which  lie  one  upon  the  other. 

§  149.  (8.)  Estimation  of  Alcohol. — A  litre  of  milk,  which,  if 
acid,  must  be  neutralised,  is  placed  in  a  specially  constructed, 
non-tubulated,  very  capacious  retort,  provided  with  a  tube  a 
metre  in  length.  This  tube  is  surrounded  by  a  water  jacket, 
through  which  a  continuous  stream  of  cold  water  runs.  The 
retort  tube  is  pushed  through  a  strong  india-rubber  stopper, 
and  connected  with  a  small  flask  holding  about  200  cc,  and 
immersed  in  ice  and  salt.  The  india-rubber  stopper,  by  the 
aid  of  a  second  perforation,  carries  a  piece  of  angle  tubing, 
by  which  it  may  be  connected  with  the  mercviry  pump  (fig. 
7),  or,  where  available,  with  the  ordinary  water  pi;mp  so 
common  in  laboratories.  The  milk  is  now  cautiously  raised 
to  the  boiling  point,  and  100  to  150  cc.  distilled  over.  This 
distillate  is  redistilled,  in  the  ordinary  way,  about  one-third. 
All  the  alcohol  is  now  in  a  very  small  compass,  and  the 
distillate  should  be  placed  in  a  strong  assay  flask,  aucl  oxi- 
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dised  to  acetic  acid  by  heating  in  a  water-bath  with  from  30 
to  70  CO.  of  an  oxidising  solution  of  bichromate  of  potash  and 
sulphuric  acid.*  The  excess  of  bichromate  is  reduced  by  zinc, 
some  phosphoric  acid  added,  and  the  acetic  acid  distilled  off  by 
heating  the  flask  (previously  attached  to  an  efficient  condenser) 
over  a  spermaceti  bath.  On  distilling  in  this  way  about  three 
times  to  dryness,  each  time  adding  water,  the  whole  of  the  acetic 
acid  is  obtained  in  the  distillate,  and  may  be  determined  by 
titration  with  a  volumetric  solution  of  soda.  The  amount  of 
alcohol  to  which  the  acetic  acid  found  is  equal  may  be  calculated 
by  the  aid  of  the  following  table  : — 


The  amount  of  alcohol  is  seldom  of  any  great  importance,  and 
may  be  considered  only  of  pure  scientific  interest. 

§150.  (9.)  Volatile  Acids. — Volatile  acids  may  be  separated  in 
exactly  the  same  way — viz.,  by  careful  distillation  in  a  vacuum, 
first  acidifying  the  milk  by  tartaric  acid.  Acetic  acid  in  small 
quantities  is  invariably  present  in  fermented  milks;  but  the  dis- 
tillate of  normal,  quite  fresh  milk  is  neutral.  In  milks  already 
undergoing  decomposition,  it  is  best  to  dilute  the  milk  slightly, 
and  filter  through  an  earthenware  cell,  and  then  distil.  Under 
these  circumstances,  it  is  not  necessai'y  to  distil  in  varuo. 

§  151.  (10.)  Estimation  of  the  Total  Acidity  of  Milk — Estima- 
tion of  Lactic  Acid. — The  total  acidity  of  milk  is  mcst  conveniently 
estimated  by  adding  14  grms.  of  chloride  of  sodium  to  30  cc.  of 
milk.  The  caseine  coagulates  in  a  few  minutes,  and  the  liquid 
may  be  diluted,  and  a  fractional  portion  filtered  off,  coloured  by 
litmus  or  any  convenient  indicator,  and  titrated  in  the  usual 
way.t 

Estimation  of  Lactic  Acid. — It  is  of  great  importance  to  make 
an  accurate  estimation  of  lactic  acid  in  milk.  A  method,  accurate 
enough  for  technical  purposes,  consists  in  thoroughly  exhausting 

*  147  grms.  bichromate  of  potash  :  220  grms.  of  sulphuric  acid  made  uji 
to  1 400  cc.  with  water. 

t  "Di  uu  metodo  pratico  per  determinare  il  grado  di  acidita  del  latte." 
A.  Pavesi,  ed.  E.  Kotondi.    Gazetta  Chimica  Italiana,  vol.  iv.,  1874,  p.  194. 


Acetic  Acid. 


Alcohol. 


1, 

2, 
3, 
4, 
5, 
6, 
7, 
8, 
9, 
10, 


•76G6 

1-  53:i2 

2-  2998 

3-  0664 
3  8330 

4-  5996 

5-  3662 
6  1328 

6-  8994 

7-  6666 
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the  milk  of  fat  and  lactic  acid  by  ether,  then  taking  another 
portion  and  exhausting  it  by  carbon  disulphide,  when  the 
difference  between  the  two  determinations  represents  the  lactic 
acid.  A  more  accurate  method  is  as  follows  : — The  milk  is  dried, 
exhausted  of  fat  by  carbon  disulphide,  then  treated  with  an  alco- 
liolic  solution  of  oxalic  acid,  filtered,  and  an  excess  of  hydrated 
oxide  of  lead  added.  Any  lactic  acid  now  contained  in  the  fluid 
will  be  present  in  solution  as  a  lactate  of  lead.  Hydrogen  sul- 
phide is  next  passed  to  saturation  into  the  liquid,  which  is  then 
filtered,  concentrated  by  evaporation,  and  boiled  with  oxide  of 
zinc  ;  on  filtration,  evaporation,  and  standing,  crystals  of  lactate 
of  zinc  are  produced.  There  are  four  isomeric  lactic  acids  ;  that 
which  is  obtained  from  milk  is  fermentation  lactic  acid,  also 
termed  "  ethylene  lactic  acid."  The  zinc  salt  has  the  composi- 
tion 2(C3H503)Zn  +  3HoO.  It  crystallises  in  four-sided  jirisms  3 
it  is  soluble  in  6  parts  of  boiling,  58  of  cold  water.  It  is  nearly 
insoluble  in  hot  or  cold  alcohol.  100  parts  of  the  salt  contain 
25-8  of  zinc  oxide.  Lactic  acid  itself  may  be  obtained  in  a  very 
pure  state  by  decomposing  the  zinc-salt  with  hydrogen  sulphide, 
when  the  acid  presents  itself  as  a  colourless,  strongly  acid  liquid. 
A  drop  of  this  acid,  placed  in  the  author's  subliming  cell  (described 
in  the  second  volume  of  this  work),  and  heated  very  gradually 
above  200°,  gives  a  white  sublimate  of  lactide,  CgH^Og,  a  very 
characteristic  reaction.  If  the  heat  is  not  gradual,  this  sublimate 
is  not  obtained,  for  it  then  decomposes  into  carbon  dioxide  and 
aldehyde. 

§  152.  (11.)  Detection  of  Metals  in  Milk. — The  detection  of  the 
minute  quantities  of  heavy  metals  which  may  occur  in  milk  in 
cases,  where,  for  the  purpose  of  experiment,  salts  of  the  metals 
have  been  administered  to  animals  or  women,  is  best  conducted 
by  electrolysis,  supplemented  by  the  spectroscope.  One  of  the 
best  ways  to  do  this  is  the  method  proposed  by  Dr.  Eeynolds.* 
Four  to  six  rather  stoiit  platinum  wires,  h;ilf  an  inch  in  length, 
are  made  into  a  bundle  by  binding  with  thin  platinum  wire,  and 
secured  by  cotton  wool  into  the  throat  of  the  stem  of  a  funnel  so 
tightly,  that  water  placed  in  the  funnel  filters  through  in  single 
drops.  The  milk,  previously  acidified  with  nitric  acid,  and 
filtered,  is  placed  in  the  funnel,  and  a  platinum  wire,  connected 
with  one  pole  of  a  battery,  inserted  in  the  funnel,  so  as  to  be 
about  half  an  inch  distant  from  the  bundle  of  wire.  This  bundle 
is  connected  with  the  zinc  terminal  of  the  battery— a  single 
Grove's  cell  is  sufficient — and  the  current  is  allowed  to  pass  until 
the  whole  has  filtered  through.    A  very  decided  metallic  deposit 

*  /m/i  Hospital  Gazelle,  187.3.  Sec  also  "  Tlie  Spectroscope  in  Medicine," 
by  C.  A.  Macmunn,  B.A.,  M.D.   London,  1880. 
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may  be  recognised,  and  examined  by  ordinary  analysis;  but  should 
the  deposit  be  scanty  or  indistinct,  two  of  the  short  wires  are 
connected  with  a  RuhmkofF's  coil  attached  to  a  sufficiently 
powerful  battery.  The  wires  are  so  adjusted  opposite  each 
other  as  to  leave  a  very  short  interval  between  their  points,  and 
the  succession  of  sparks  allowed  to  stream  between  them  is 
observed  by  the  spectroscope.  In  this  way  the  spark  spectra 
of  the  metals  arsenic,  antimony,  mercury,  copper,  and  lead,  are 
easily  obtained,  and  may  be  identitied.* 


THE  MILK  SECRETED  BY  THE  UNHEALTHY. 

§  153.  The  author  has  devoted  considerable  time  to  tlie 
inquiry, — is  it  possible,  by  scientific  examination,  to  discover 
whether  a  particular  sample  of  milk  has  been  derived  from  the 
healthy  or  from  the  unhealthy?  The  result  of  the  analyses  and 
cases  shortly  to  be  quoted  shows, — (1.)  That  in  the  case  of  the 
cow,  in  certain  diseases  only,  the  milk  constantly  deviates  from  the 
normal  standard ;  (2.)  that  the  most  marked  changes  are  found 
in  local  diseases  of  the  udder  or  mammary  glands;  (3.)  that  the 
animal  may  be  labouring  under  a  most  mortal  and  virulent 
malady,  and  yet  secrete  milk  which,  although  dilfering  from  the 
same  milk  secreted  by  the  same  animal  when  in  health,  yet, 
considered  in  itself,  in  no  way  chemically  difiers  from  healthy 
milk;  (4.)  that  it  is  only  by  biological  methods  of  experiment 
that  such  diseased  milk  can  be  detected.  These  remarks  apply 
only  to  the  composition  of  the  milk  ;  but  if  we  also  regard  the 
quantity  secreted,  then  there  is  in  all  cases  a  remarkable  difier- 
ence,  for  whenever  an  animal  suffers  from  a  sufficient  amount 
of  disease  to  affect  its  health  materially,  the  diminution  in  the 
total  quantity  of  milk  is  almost  invariable. 

I.  Human  Milk. 

§  154.  With  regard  to  the  milk  secreted  by  women  in  various  maladies, 
the  same  remarks  apply  only  to  a  certain  extent  ;  for  tlie  human  manmary 
secretion  is  so  dependent  on  meutal  influences,  that  its  composition  ajjpears 
readily  affected.  Vogel  gives  the  following  analysis  of  milk  derived  from  a 
woman  suffering  from  hysteria,  the  sample  being  taken  directly  after  the 
attack — 

*  Reference  may  be  made  to  Boisbeaudran's  ' '  Spectres  Luminenx. "  Paris, 
1874.  A  simple  method  of  obtaining  the  wave  length  value  of  any  spectro- 
scope scale  has  been  already  given  in  the  article  on  the  "Spectroscope"  in  the 
present  volume,  p.  77  ft  scq. 
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Per  cent. 

Milk-fat   -514 

Caseine,   5  '000 

Su^ar,   3-492 

Ash   1  -010 

Water,      ........  89  984 

Specific  gravity,        .       .       .       .       .  1  '032 

Deveur*  found  the  milk  of  a  woman  who  suffered  from  nervous  attacks, 
when  taken  in  the  seizure,  to  be  a  transparent  viscid  secretion  like  albumen. 
J.  P.  Simont  examined  the  milk  of  a  woman  who  was  suffering  from  the 
effects  of  passion.  The  secretion  was  apparently  the  cause  of  violent  con- 
vulsions and  diarrhoea  ia  an  infant.  The  milk  was  acid,  and  had  acquired  a 
l)eculiar  odour,  and  after  a  little  time  developed  hydrogen  sulphide  ;  or,  in 
other  words,  the  milk  had  commenced  to  undergo  lactic  acid  and  putrefactive 
changes  in  the  breast  itself.  Local  affections  of  the  breast,  as  might  be 
anticipated,  interfere  with  the  healthy  action  of  the  milk- producing  cells. 
For  example,  Schlossberger  gives  the  following  as  the  composition  of  a  sample 
of  milk  taken  from  a  woman  whose  breast  was  considerably  enlarged  ;  the 
fluid  was  white  and  thick,  and  without  odour,  specific  gravity,  '98  to  '99 


at  15°:  — 

Per  cent 

Fatty  matter,  8  '54 

Lactine  and  extractives,       ....  '75 

Caseine,  8  "74 

Ash,  -41 


The  fat  fused  at  33°  and  solidified  at  26°. 


II.  Cows'  Milk. 

§  155.  Aphthous  Fever. — One  of  the  few  affections  in  which  it 
is  possible  for  the  investigator  to  discovei-  an  abnormal  condition 
of  the  milk,  and  even  from  the  appearance  of  the  fluid  to  know 
what  particular  malady  the  cow  is  suffering  from,  is  "foot-and- 
mouth  disease,"  or  "aphthous  fever."  This  is  a  febrile,  highly 
infectious  disease,  which  has  caused  of  late  great  I'avages  among 
our  herds ;  its  most  obvious  signs  are  ulcers  on  the  mouth,  feet, 
and  teats.  Unless  the  fever  is  high,  the  milk  is  secreted  during 
the  whole  course  of  the  disease.  It  presents  different  (one  might 
almost  say,  opposite)  appearances  in  different  cases  ;  in  those 
where  there  are  ulcers  on  the  teat,  either  externally  or  just 
inside,  the  pus  from  these  ulcers  mixes  with  the  milk,  and  the 
analyst  finds  a  high  fatty  residue,  from  which  cholesterine,  nuclein, 
lecithin,  and  milk-fat  may  be  separated.  If,  on  the  contrary, 
there  are  no  ulcers  and  no'local  affection  of  the  udder,  the  milk 
in  the  more  severe  cases  may  be  deficient  in  solids,  and  especially 
in  milk-fat;  nor  does  it  recover  its  normal  composition  until  about 

•  Crell'a  CkemUche  Annalm,  vol.  1,  p.  369. 

t  J.  F.  Simon's  "Animal  Chemistry,"  Syd.  See.,  11,  58. 
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the  seventh  and  eighth  days,  when  the  cow  begins  to  improve.  The 
author  discovered,  in  1876,  some  peculiar  appearances  in  aphthous 
milk,  an  observation  since  amply  confirmed  by  others.  Such 
milk,  observed  on  the  first  day  by  the  microscope,  presents  no 
remarkable  peculiarity  ;  but,  on  the  third  day,  elongated,  highly 
flattened,  highly  refractive  bodies,  ranging  in  length  from  l-800th 
to  1-lOOOth  of  an  inch,  make  their  appeai'ance.  In  some  there 
are  at  intervals  divisions.  The  chemical  composition  appears 
from  microscopic  reactions  to  be  of  an  albuminous  nature.  By 
the  fourth  day  they  are  fewer  and  larger,  and  in  the  later  stages 
they  are  no  longer  seen.  If  the  local  affection  is  at  all  severe, 
blood-cells,  and  occasionally  a  considerable  quantity  of  blood,  may 
be  found  in  such  milk. 

Mammitis. — This  disease,  as  its  name  implies,  signifies  an  acute 
inflammation  of  the  mammae.  Theoretically,  milk  secreted  by  an 
inflamed  organ  should  be  altered  much  in  quality  ;  but,  in  the 
case  of  a  heifer  suffering  from  this  disease,  milk  taken  the  second 
day  after  calving  did  not  appear  to  differ  essentially,  either  in 
microscopical  appearances  or  in  chemical  composition,  from  normal 
milk.  Its  specific  gravity  was  1-0362,  and  the  composition  of  the 
solids  in  100  parts  was  as  follows  : — 


Milk-fat,     .......  2-800 

Caseine,   4  "025 

Albumen,                                              .  -560 

Milk-sugar,        ......  5-541 

Nitrate  of  mercury  precipitate  dried  at  100°,  1  -68 

Ash,   .       .   -920 

Chloride  of  sodium  in  ash   -110 


Parturient  Apoplexy. — A  Cow  suffering  from  Parturient  Apoplexy; 
Pulse  Imperceptible;  Temperature  99°-4.  Third  day  after 
Calving. 

Specific  gravity,  1-037.    Eeaction  feebly  alkaline. 

In  100  CO. 


Milk -fat,   3-750 

Caseine   4-025 

Albumen,    .......  1-145 

(Weight  of  mercury  precipitate,  .       ,       .  1-38)* 

Ash,   0-980 

«  NaCl  in  ash,   0-102 


Urea  was  absent ;  there  was  much  lactochrome.  No  abnormal 
elements  detected  by  a  microscopical  examination. 

*  At  the  time  of  the  analysis  the  compound  nature  of  the  mercury  pre- 
cipitate was  not  known. 
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Tlie  Milk  of  a  Cow  suffering  from  Pneumonia  fourteen  days 
after  Calving.    Pulse  82,  Temperature  102°-4. 

Specific  gravity,  1"0297. 


Milk-fat,   2  905 

Cholesterine   0-580 

Caseine,      .......  3 '860 

Milk-sugar   3-880 

Albumen,   0-430 

Galactine,   0-090 

Urea,   0-005 

Ash   0-800 

NaClinash,   0-488 


This  is  the  only  milk  in  -which  the  writer  found  an  estimable 
quantity  of  cholesterine.  The  microscopical  results  -were  negative. 

Engorgement  of  Rumen  and  Congested  Liver.    Pulse  68, 
Temperature  101°. 

Specific  gravity,  1  032. 

Milk-fat,  

Caseiue,  ..... 
Albumen,  ..... 
Milk-sugar,  .... 
Galactine,  ..... 

Ash,  

NaCl  in  ash,  .... 

The  milk  appears  simply  concentrated. 

Phthisis. — A  Cow,  five  yearsold,  with  Extensive  Tuhercular  Deposit 
in  Eight  Lung.    The  Dam  was  also  Scrofulous. 


Dec.  7, 1878.  Fob.  1879. 

Specific  gravity,  .       .       .       r0297  1  0340 

In  1(10  cc.  In  ino  cc. 

Milk-fat,     ....       2-77  3-83 

Caseine,      ....       3-650  5-4 

Albumen,    ....       0-867  0  365 

Milk-sugar,  ....       2-824  3-34 

Galactine   ?  ?  * 

Ash,   0-866  0-770 

NaCl  in  ash,       .       .      .      0-096  0-15 


A  careful  microscopical  examination  could  detect  no  abnormal 
elements. 


In  100  parts 
by  weight. 

6-057 

4-796 

1-067 

4-497 

0113 

0-670 

0-092 


*  The  determinations  of  galactine  were  made  on  so  small  a  quantity  as  not 
to  be  reliable,  but  this  is  certain  that  the  galactine  was  beyond  the  average. 
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P/Uhisis. — A  Cow,  two  years  old,  in  an  advanced  stage  of  Phthisis. 


Specific  gravity, 

Milk-fat,  . 
Caseine, 
Galactine, 
Milk-sugar,  . 
Ash, 

NaCl  in  ash, 


Jan.  29. 
1  0329 
In  lOit  cc. 

2-  599 

3-  000 

9 

2-888 
0910 
0-10 


Feb  17. 

1  0.335 
In  100  cc. 

3-  280 
3  980 
0-250 

4-  100 
0-780 
015 


The  entire  amount  the  cow  yielded  in  January  -was  1  gallon  ; 
the  amount  sent  for  analysis  was  a  fractional  part  of  the  whole. 


A  Sample  of  Milk  drawn  from  an  Udder  actually  Infiltrated 
with  Tubercular  Deposit. 

Specific  gravity,  1  -018. 

In  100  parts 
by  weight. 


Water   94-640 

Caseine,   1-210 

Allmmen,   2  387 

Milk-sugar   0-470 

Milk-fat,   0-490 

Alkaloids, .   absent 

Urea   0-039 

Ash   0-764 

NaCl  in  ash,   0-430 

Nitric  acid  in  comhination,       .       .       .  0-018 


The  whole  quantity  of  the  fluid  did  not  exceed  70  cc.  It  was 
of  a  dirty  amber  colour,  with  the  caseine  partially  separating. 
A  microscopical  examination  showed  very  few  fat  globules,  and 
the  following  abnormal  elements: — 

1.  Clusters  of  oval  or  round  granular  cells,  for  the  most  part 
•0005  inch  in  diametei',  with  a  well-marked  oval  nucleus. 

2.  Granular  masses,  irregular  in  shape,  varying  in  size  from 
about  0-0006  inch  to  ten  or  twelve  times  that  size. 

3.  Gi'anular  rounded  bodies,  stained  brilliantly  by  magenta  or 
carmine. 

This,  then,  is  phthisical  milk  in  its  most  intense  form,  and  one 
never  likely  to  be  found  in  commerce,  but  admixture  of  such  a 
Huid  with  genuine  milk  is  possible. 

It  is  essentially  an  albuminous  serum,  containing  urea,  small 
quantities  of  nitrates,  common  salt,  and  just  sufficient  caseine  and 
milk-sugar  to  show  its  origin  from  a  much  diseased  milk-gland. 
The  absence  of  galactine  is  noteworthy. 
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fjocal  Affection  of  the  Udder. — Milk  from  a  Heifer  two  days  after 
calving,  suffering  from  Rete7ition  of  Foetal  Meinhrane,  a  portion 
of  the  Udder  much  inflamed. 

The  railk  was  pink  in  colour,  and  contained  about  a  twentieth 
of  its  bulk  in  blood  ;  it  was  perfectly  fresh  when  examined,  but 
rapidly  putrefied.  The  blood  was  separated  by  subsidence  as 
much  as  possible.    The  reaction  was  feebly  acid : — 


Specific  eravity  1'0313. 

In  100  e,c. 

Milk-fat   4-40 

Caseine  and  milk-sugar,  ....  9'81 

Albumen,   0  62 

Galactine   0-269 

Ash,   1-16 


§  156.  Typhus. — The  milk  of  cows  suffering  from  typhus  has 
been  analysed  by  Husson,*  who  states  that  from  the  commence- 
ment of  the  malady,  the  azotised  principles  augment,  and  that 
there  are  often  found  bloody  and  purulent  fluids  admixed.  The 
following  is  an  average  sample  of  milk  from  cows  suffering  from 
a  not  too  severe  foi'm  of  typhus  : — 


Fat,   1-493 

Milk-sngar   3-140 

Albumen,   2  060 

Salts,   1-850 


§  157.  The  Propagation  of  Disease  through  Milk. — Modern 
researches  on  zymotic  diseases  have  for  long  been  converging  to 
the  one  conclusion,  that  these  diseases  are  all  produced  by  germs, 
the  life-history  of  which  is  analogous  to  that  of  bacteria;  and  that, 
consequently,  such  diseases  are  only  special  forms  of  fermentation 
or  putrefaction  in  living  tissues,  the  disease-zymads  growing  and 
multiplying  at  the  expense  of  the  tissues. 

Now,  if  the  composition  of  milk  and  of  the  tissues  be  com- 
pared, it  will  be  seen  that  milk,  although  physically  a  fluid,  yet 
resembles  in  its  chemistry  a  tissue,  and  contains  all  that  is  neces- 
sary for  the  nourishment  and  growth  of  a  zymad.  Hence  it  is, 
that  if  a  scarlet-fever  zymad,  or  a  typhoid  zymad,  fall  into  milk, 
for  all  practical  purposes  it  is  immersed  in  a  tissue  ;  and  there 
are  plausible  grounds  for  believing  that,  if  the  conditions  of  the 
temperature  are  favourable,  the  zymad  may  increase  and  multiply 
in  the  fluid.  However  this  may  be,  milk  certainly  possesses  no 
destroying  power  over  these  disease-germs  or  zymads;  and  there 

*  Comptea  Rendus,  t.  73,  1871,  p.  1339. 
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are  on  recoi-d  a  number  of  well-authenticated  outbreaks  of  typhoid 
fever,  of  diphtheria,  and  of  scarlet  fever,  in  which  no  reasonable 
doubt  exists  as  to  the  milk  having  played  the  part  of  an  infected 
garment,  and  conveyed  the  disease.  The  exact  way  in  which  the 
poison  gained  access  to  the  milk  in  these  various  cases  has  not 
always  been  clear  ;  but  we  may  presume  that  adulteration  with 
specifically  tainted  water,  the  handling  of  dairy  utensils  by  i^er- 
sons  whose  hands  have  been  soiled  Avitli  the  discharges  of  the 
sick,  the  dropping  of  epithelial  scales  into  the  milk-cans  in  the 
course  of  transmission,  are  all  possibilities,  and  all  likely  to  have 
the  efi"ect  of  tainting  the  milk.  It  will  be  unnecessary  to  go 
further  into  this  well-worn  topic,  full  details  of  which  are  to  be 
found  in  the  annual  reports  of  the  Local  Government  Boai'd  and 
elsewhere.  We  therefoi'e  pass  on  to  a  subject  upon  which  less  is 
known,  and  upon  which  there  may  be  considerable  diversity  of 
opinion — viz.,  the  spread  of  consumption  through  milk. 

The  question  as  to  whether  this  actually  occurs  or  not,  hinges 
upon  another  very  debatable  point,  and  one  on  which  the  leading 
pathologists  are  by  no  means  agreed — viz.,  is  tuberculosis  infec- 
tious, or  is  it  not  1  further,  is  it  jjossible  to  propagate  tubercle 
through  specifically-infected  food  or  drink,  or  is  it  not  1  If  the 
possibility  of  transmission  of  tubercle  by  infected  food  is  proved, 
then  it  is  scarcely  possible  to  deny  that  tuberculosis  may  be 
caused  by  specifically-tainted  milk.  Villenin  *  was  one  of  the 
first  to  attempt  to  ascertain,  by  direct  experiment,  whether 
tubercle  was  ti-ansmissible  or  not.  He  inoculated  the  rabbit, 
the  sheep,  the  dog,  and  the  cat  with  human  tuberculous  matter, 
always  in  very  small  quantities,  with  more  or  less  success.  The 
experiments  of  Villenin  were  repeated,  with  infinite  variation, 
by  most  of  the  leading  pathologists  of  Europe  ;  but  their  deduc- 
tions were  quite  diflferent  from  those  of  Villenin,  for,  on  putting 
various  substances  (other  than  tuberculous  matter)  in  the  sub- 
cutaneous tissue  of  guinea-pigs,  they  produced  a  febrile  disorder, 
and  found  after  death  products  which,  they  declared,  were  not  to 
be  distinguished  from  tubercle.  Hence,  tuberculosis  was  con- 
sidered for  a  long  time  (and,  indeed,  is  by  some  persons  still  so 
considered)  as  due  to  a  mechanical  irritation,  chiefly  set  up  in 
the  delicate  cells  lining  the  lymphatic  channels.  While  animals 
alone  were  the  subject  of  the  French,  German,  and  English  ex- 
perimenters, a  doctor  in  Greece —Zallonis  of  Syra — actually 
inoculated  the  human  subject — a  man  aflected  with  gangrene  of 
the  foot — with  tuberculous  sputa.  In  thirty-eight  days  the  man 
died  with  unmistakable  tuberculous  signs,  which  an  autopsy  con- 


*  "  Cause  et  Nature  de  la  Tuberculose." 
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tirmed.  The  opinion*  that  the  introduction  into  the  tissues  of 
a  great  variety  of  foreign  matters  will  cause  this  malady  is  now 
losing  groimd,  there  having  been  of  late  years  some  most  valuable 
experiments  on  the  subject,  more  especially  those  by  Bollinger 
and  by  Cohnheim.t 

The  most  striking  of  Cohnheim's  experiments  were  those  in 
which  he  introduced  tuberculous  matter  into  the  anterior  chamber 
of  the  eyes  of  kittens ;  the  animals  generally  became  infected  after 
a  well-marked  period  of  incubation  of  from  fourteen  to  twenty- 
one  days.    Cohnheim,  associated  with  Solomons,  has  alsa  proved 
the  possibility  of  aerial  infection,  having  pi'oduced  the  disease  in 
animals  by  causing  them  to  inhale  tuberculous  dust.    The  patho- 
logical changes  thus  produced  they  compared  side  by  side  with 
those  produced  by  mere  irritants,  whether  breathed  or  introduced 
into  the  system  by  other  channels  ;  and  they  declare,  as  the 
result  of  such  comparison,  that  the  products  of  the  latter  are 
entirely  different,  and  not  to  be  confounded  with  tubercle.  Direct 
experiments  with  the  milk  from  tubercular  cows  have  been  made 
by  Gerlach,  Klebs,  and  Bollinger.    Gerlach  fed  two  calves,  two 
pigs,  one  sheep,  and  two  rabbits  for  three  weeks  with  the  unboiled 
milk  of  a  phthisical  cow ;  the  whole  of  the  animals  became  afiected 
with  tubercular  disease.    Klebs  made  a  similar  successful  experi- 
ment with  nine  guinea-pigs.    The  accidental  infection  of  a  large 
St.  Bernard  dog,  which,  having  come  across  the  milk  designed 
for  one  of  the  experiments,  drank  it,  and  became  tuberculous,  is 
perhaps  more  striking  than  a  formal  experiment.    The  experi- 
ments of  Bollinger  were  on  pigs,  as  follows : — Two  young  jngs  were 
fed  with  the  unboiled  milk  of  a  cow  which  in  life  exhibited  sym])- 
toms  of  lung  disease,  and  which    post-mortem  examination  showed 
to  have  suffei-ed  from  phthisis.    This  exjjeriment  was  negative. 
The  pigs  enjoyed  good  health,  and  on  being  killed  proved  to  have 
all  their  organs  in  a  sound  condition,  with  the  single  exception 
of  some  slight  infiltration  of  the  glands  of  the  neck  in  the  case  of 
one.    In  a  second  experiment,  the  milk  of  a  highly  tuberculous 
cow  was  given  for  ten  weeks  to  four  healthy  young  pigs  three 
weeks  old.      During  this  time  a  general  enlargement  of  the 
lymphatic  glands  of  the  neck  was  observed  ;  at  the  end  of  four 
and  five  months  the  animals  were  killed,  when  tubercular  infil- 
tration of  tlie  lungs,  liver,  spleen,  &c.,  was  fully  established. 
Another  experiment  was  made  on  a  young  pig,  fed  with  the  same 
milk  for  fourteen  days.    On  killing  the  animal  three  weeks  aftei-- 

*  "The  Transmissibility  of  Tuberculoais, "  by  G.  Fleming,  Med.  C/iir 
/{evifiw,  Oct.,  1«74. 

t  "  Die  Tuberculosen  vom  Standpunkte  der  Infectionslelire,"  von  J. 
(Johnheim.    Leipzig,  1880. 
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wards,  there  was  found  clieesy  inflammation  of  the  large  intes- 
tine, an  exquisite  miliary  intiltration  of  the  lungs,  and  a  slight 
cheesy  deposit  in  the  bronchial  glands.  The  milk  in  all  the  above 
experiments  had  been  given  unboiled.  In  another  experiment, 
however,  in  which  six  pigs  were  taken,  four  wei'e  fed  with  the 
milk  of  the  same  cow  (two  with  the  unboiled  milk,  two  with  the 
boiled  milk),  and  two  were  fed  on  ordinary  diet  to  control  the 
experiment.  After  a  few  months  the  last  two  were  healthy  ;  the 
two  fed  on  unboiled  milk  highly  tuberculous  ;  one  of  the  pigs  fed 
on  the  lioiled  milk,  on  being  killed,  was  found  perfectly  healthy  ; 
the  other,  killed  a  little  later,  was  tuberculous.  Further  experi- 
ments are  in  progress.* 

On  the  other  side,  there  are  numerous  failures,  and  many 
observers  have  failed  to  propagate  the  disease.  E.  Perroncito,  of 
Turin,  records  the  case  of  a  whole  family  (consisting  of  a  man, 
his  wife,  and  two  children)  drinking  for  eight  days  the  milk  of  a 
cow  most  decidedly  tuberculous,  as  proved  by  an  autopsy  ;  and 
yet  they  remained  well.  Negative  results  are,  however,  of  little 
value,  unless  extremely  numerous.  If  the  disease  can  be  propa- 
gated by  milk,  it  does  not  necessarily  follow  that  every  animal 
experimented  iipon  will  become  infected  ;  for  there  are  numbers 
of  facts  proving  that  some  human  beings  and  some  animals  have 
a  great  resisting  power,  and  do  not,  with  any  readiness,  take  such 
diseases.  It  has  hitherto  been  almost  universally  taught,  that 
bovine  tuberculosis  has  nothing  essentially  diH'erent  in  its  course 
or  pathology  from  human  tuberculosis.  This  view  has,  however, 
been  recently  contested.  Dr.  Charles  Creighton,  in  a  very  able 
paper,+  giving  a  sei'ies  of  cases  (eight  in  number)  in  which  he 
contends  that  there  was  more  analogy  to  "  Perlsucht,  bovine 
tuberculosis,"  than  to  human,  and  moreover,  that  this  form  is  a 
distinct  form,  quite  as  distinct  as  glandei-s — the  salient  points  in 
the  cases  cited  being,  (1.)  the  occurrence  of  tumoui'-like  embolic 
infarcts  in  the  lungs  ;  (2.)  the  implication  of  the  bronchial,  or  of 
the  mesenteric  and  portal  lymphatic  glands  ;  (3.)  the  characters 
of  the  eruption  in  the  serous  membranes,  and  its  relative  fre- 
quency;  (4.)  the  mici'oscopic  appearances;  (5.)  the  elements  of 
obscurity  in  the  cases  viewed  as  cases  of  oi-dinary  or  autochthon- 
ous tubei'culosis. 

The  very  important  information  as  to  what  percentage  of  cows 
siilFers  from  the  disease,  and  whether  it  is  on  the  increase  or 
decrease,  is  unfortunately  not  with  any  accuracy  known;  and 
from  the  contradictory  statements  advanced,  all  that  one  can 

*  Aerztlich.  InteUirjenz  Blatt.  No.  47,  507. 

t  An  Infective  Variety  of  Tuberculosis  in  Man,  identical  with  Bovine  Tuber- 
culosis, Perlsucht,  by  C.  Creighton,  M.D.,  Lancet,  Juno  19,  1880. 
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gather  is,  that  it  is  rare  in  some  parts,  frequent  in  others,  and 
that  milch  cows  are  especially  prone  to  the  disease. 

Cruzel  affirmed  that  in  Finance,  in  every  hundi'ed  old  oxen 
fattened  and  slauglitered  for  food,  one-half  would  have  the  lungs 
more  or  less  tuberculous.  Not  very  long  ago,  however,  M. 
Vallin,  aided  by  some  of  the  most  eminent  veterinaries  in 
Paris,  seai-ched  for  four  months  in  vain  for  a  tuberculous  cow, 
and  he  states*  that,  out  of  28,000  beasts  slaughtered  annually  at 
the  abbatoirs,  only  20  to  28  bore  any  sign  of  tubercle,  "while  those 
rejected  as  unfit  for  slaughtering  are  an  insignificant  number. 
On  the  other  hand,  in  Germany  the  percentasje  of  cows  affected 
is  about  2  per  cent.  In  England  the  number  is  not  known,  b\it 
it  certainly  is  not  higher  than  2  per  cent.,  and  it  is  doubtful 
whether  it  ever  attains,  except  in  certain  localities,  1  per  cent. 
The  analyses  of  the  author  have  shown  that  in  the  milk  in  the 
last  stages  of  disease  only  (in  the  stages,  indeed,  in  which  it 
would  be  unprofitable  to  milk  a  cow),  does  the  fluid  essentially 
differ  from  normal  milk  ;  and  the  very  milk  so  successfully 
experimented  with  by  Bollinger  was  also  found,  on  analysis,  to 
be  of  normal  composition.  Hence,  the  danger  is  not  imaginary, 
but  real ;  and  when  we  consider  the  enormous  scale  on  which 
some  dairies  are  conducted — the  number  of  gallons  of  milk 
from  varioiis  cows,  which  are  mixed  together — it  is  certain  that, 
in  large  towns,  specifically-tainted  milk  is  constantly  drunk.  A 
great  portion  of  such  milk  is  raised  before  use  to  nearly  the 
boiling  point,  but  much  is  drunk  unboiled. 

Aphthous  Fever. — The  physical  and  chemical  characters  of  aph- 
thous milk  have  already  been  described.  In  certain  stages  of  the 
disease,  the  milk  acts  upon  young  calves  like  a  virulent  poison, 
the  calf  dying  from  apnoea  with  great  suddenness.  After  death 
few  marked  changes  are  noticed,  save  intense  pulmonary  con- 
gestion, and  a  somewhat  injected  patchy  tongue.  The  milk  has 
been  given  to  pigs  with  a  fatal  result,  and  even  cats  have  suffered 
indisposition  from  it ;  nor  is  there  wanting  the  strongest  evidence 
to  show  that  it  may  convey  the  aphthous  disease  to  man.  This 
tramsmission  to  man  has  been  observed  for  some  time,  for  in  the 
middle  of  the  eighteenth  century  Michael  Sagarf  described  the 
aphthous  epidemic,  which  prevailed  in  Moravia,  1763-64,  and 
related  how  the  milk  propagated  the  disease  to  animals  and  men. 
In  1834  three  German  veterinarian.sj  (Ilertzwig,  Mann,  and 
Villain)  made  on  themselves  some  very  conclusive  experiments, 

*  M.  Vallin,  Lait  dea  Vachea  Phthisiques.  Annales  D'llygieiie  Pvhliquc, 
July,  1878.  J  , 

t  Lihdlm  de  AphlhiH  Pecoris,  Vienna,  1765. 

t  "  Nouveau  Dictionnaire  de  Mddicine  VdterLnaire." 
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each  taking  a  pint  of  the  warm  milk  drawn  from  an  infected  cow 
for  four  consecutive  mornings.  On  the  third  day  M.  Hertwig  had 
feverish  symptoms  ;  by  the  sixth,  the  mucous  membrane  of  the 
mouth  was  swollen  ;  by  the  seventh,  there  was  a  well-marked 
eruption  on  the  edge  of  the  tongue,  the  lips,  and  the  internal  sur- 
face of  the  cheeks  ;  by  the  tenth,  the  vesicles  continually  increas- 
ing in  size,  had  burst ;  and  by  the  twenty-fourth  day  the  iilcers 
liad  dried,  and  there  was  some  desquamation.  MM.  Mann  and 
Villain  were  also  affected  in  the  same  way,  but  to  a  less  degree. 
This  experiment  is  supported  by  a  number  of  instances  of  par- 
tial epidemics  in  the  human  kind,  which  could  be  satisfactorily 
traced  to  aphthous  milk.  It  would  appear  certain,  that  such 
milk  after  boiling  is  harmless.  For  example,  Boulay  records 
that  foot-and-mouth  disease,  when  imported  into  the  Com- 
mune of  Morchier  by  a  pig-dealer,  extended  in  a  few  days  to 
over  a  hundred  head  of  cattle,  but  spared  the  calves,  which  were 
fed  on  boiled  milk  and  water,  and  not  allowed  to  suck  their 
mothers. 

A  New  Form  of  Febrile  Disease  Associated  with  Milk. — The  milk 
from  a  dairy  near  Aberdeen  appears  to  have  been  the  propagating 
agent  of  a  peculiar  and  entirely  new  malady.  This  remarkable 
outbreak  has  been  investigated  and  described  with  great  ability 
by  Dr.  Ewart.*  Twenty  persons  were  attacked,  and  there  were 
three  deaths.  The  symptoms  consisted  essentially  of  fever,  with 
one  or  more  relapses,  and  swelling  of  the  cervical  glands,  fre- 
quently ending  in  sxippuration.  The  connection  of  the  epidemic 
with  the  milk-supply  was  established  by  the  fact  of  the  illness 
being  confined  to  those  who  drank  the  milk,  as  well  as  by  the 
microscopical  appearances  of  the  milk,  and  some  well-devised 
experiments  on  animals.  The  microscopic  appearances  of  the 
milk  showed  : — 

1.  Numerous  micrococci,  some  free,  others  in  groups  or  chains. 

2.  Numerous  spores  and  cells  of  the  yeast-plant. 

3.  Spoi-es  similar  to  B.  anthracis. 

Some  pus  from  the  neck  of  one  of  the  patients  was  found  to 
contain  bacilli  and  spores  apparently  identical  with  those  found 
in  the  milk,  and  such  pus  caused  fatal  illness  when  injected  into 
small  animals  subcutaneously.  These  elements  were  submitted 
to  cultivation,  and  a  variety  of  experiments  on  rats  were 
instituted  with  the  suspected  milk,  side  by  side  with  control- 
experiments  with  healtiiy  milk,  the  main  result  being  to  prove 
satisfactorily  a  direct  connection  between  the  bacilli  and  the 

*  On  a  New  Form  of  Febrile  Disease  associated  with  the  Presence  of  an 
Organism  distributed  with  Milk  from  the  Oldmill  Reformatory  School,  Aber- 
deen, by  J.  Cosaar  Ewart,  M.D.,  Proc.  Roy.  Soc,  1S81,  xxxii.,  492. 
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disease  ;  the  evidence  pointed  to  a  contamination  of  the  water 
supplying  the  dairy,  and  the  author  concludes  that  the  organism 
producing  this  new  fever  was  morphologically  not  iinlike  the 
anthrax  organism  in  its  mode  of  development  and  life-histoiy  ; 
and,  further,  that  it  was  introduced  into  the  milk  after  it  had  left 
the  udder. 


DECOMPOSITION  OF  MILK. 

§  157.  It  has  already  been  stated  that  milk  left  to  itself  at 
all  temperatures  above  9°  begins  to  evolve  carbon  dioxide, 
and  that  this  is  simply  a  sign  and  result  of  fermentation.  If 
this  fermentation  is  arrested  or  prevented  by  any  of  the  means 
described  in  the  section  on  the  preservation  of  milk,  the  fluid 
remains  perfectly  sweet  and  good  for  an  indefinite  time. 

Besides  the  production  of  carbon  dioxide  during  decomposition, 
a  certain  portion  of  milk-sugar  is  converted  into  lactic  acid, 
some  of  the  caseine  and  albumen  broken  tip  into  simpler  con- 
stituents, and  a  small  proportion  of  alcohol  produced,  which 
by  oxidation  appears  as  acetic  acid,  while  the  fat  is  in  part 
separated  into  free  fatty  acids,  which  ultimately  unite  with 
the  ammonia  produced  by  the  breaking  up  of  the  albuminoids. 
This  fermentation  of  milk  is  a  special  kind  which  of  late  years 
has  been  much  studied,  and  is  known  as  lactic  fermentation. 
Accompanying  lactic  fermentation,  there  is  nearly  always  a 
weak  butyric  and  a  weak  alcoholic  fermentation. 

The  researches  of  Pasteur  have  established  the  fact  that 
lactic  fermentation  is  produced  by  a  special  organism  as  capable 
of  being  sown,  cultivated,  and,  as  it  were,  reaped,  as  a  plant  of 
higher  and  more  complex  character.  This  minute  plant  consists, 
like  yeast,  of  a  single  cell,  and  propagates  like  yeast  by  i"apid 
budding  ;  in  mass  it  is  also  similar  in  appearance  to  yeast,  being 
viscid  and  of  a  gray  colour.  Under  the  microscope  the  cells 
are,  however,  seen  to  be  very  much  smaller  than  those  of  the 
yeast-plant,  and  in  common  with  all  very  minute  particles  to  be 
agitated  with  a  rapid  "  brownian  "  movement. 

A  small  portion  of  this  ferment,  on  being  added  to  a  solution 
of  sugar,  rapidly  turns  it  acid  j.  but  the  change  to  lactic  acid  is 
never  complete,  for  acidity  interferes  much  with  its  growth, 
and  brings  it  ultimately  to  an  end.  If,  however,  the  liquid  is 
kept  neutral  by  the  addition  of  chalk,  or  by  any  other  suitable 
means,  under  such  conditions  most  of  the  sugar  is  converted  into 
lactic  acid.    This  change  is  very  simple,  being  merely  a  splitting 
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up  of  one  molecule  into  two  more  simple  equivalent  ones, 
thus— CgHiPe  =  2  CgHgOg. 

In  a  few  rare  instances,  butyiic  fermentation  and  putrefaction 
take,  in  some  degree,  the  place  of  lactic,  and  the  milk  becomes 
horribly  offensive ;  but  this  is  unusual,  and,  for  the  most  part, 
even  when  the  milk  is  much  decomposed,  a  peculiar,  sour,  rather 
faint  odour  only  is  noticed.  Nevertheless,  a  weak  butyric 
fermentation  is  generally  present  with  the  lactic ;  the  chief 
i-eason  why  it  rarely  proceeds  to  any  extent  being  the  fact 
that  an  acid  medium  is  very  unfavourable  to  the  growth  of  this 
particular  ferment. 

According  to  Pasteur,  the  butyric  ferment  is  essentially  an 
infusorium  of  the  genus  Vibrio.  The  little  organisms  consti- 
tuting the  ferment  have  the  appeai-ance  of  minute  cylindrical 
rods,  rounded  at  the  extremities,  usually  straight,  either  isolated 
or  united  in  a  chain  of  two,  three,  or  four  joints,  and  even  of 
more.  The  diameter  of  these  small  rods  is  generally  xjnro  * 
millimetre,  and  the  length  of  the  isolated  portions  from  yob^ 
to  mm.  [-0000687  to  -000687  inch].  They  move  forward  by 
sliding.  During  this  movement  their  bodies  remain  rigid  and 
undulate  slightly ;  they  spin  round,  they  balance  themselves 
on  end,  and  agitate  their  extremities;  they  are  often  bent.  The 
method  of  reproduction  is  by  fission.*  The  most  favourable 
conditions  for  its  development  are  a  suitable  liquid,  slightly 
alkaline  or  neutral,  kept  at  a  temperature  of  40° ;  the  ferment 
does  not  require  free  oxygen. 

§  158.  Blue  Milk. — Milk  has,  in  rare  instances,  been  known 
to  undergo  a  peculiar  change  of  colour,  becoming  of  a  very 
marked  blue  tint,  the  seat  of  which  is  said  to  be  the  caseine. 
On  adding  caustic  alkalies,  the  colour  changes  to  a  cherry  red, 
but  the  blue  is  restored  by  acids.  This  change  is  without  doubt 
due  to  a  fungoid  growth ;  the  blue  principle  has  never  been 
isolated,  but  it  appears  to  be  volatile,  t 


ADULTERATION  OF  MILK. 

§  159.  The  adulterations  of  milk  in  this  country,  taken  in  the 
order  of  their  frequency,  are  : — The  addition  of  water,  the 

*  M.  Pasteur,  Compt.  Rend.,  52,  p.  344,  February,  186L 
t  On  blue  milk,  the  following  may  be  quoted  : — Fuchs  :  Magasinfiir  die 
Gesammte  Thierheilkiuide,  7,  l'33  to  198.  Ehrenberg :  Monatsberichle  der 
Berliner  Akadcmie  cZcs  Jahres,  1840,  p.  202.  Erdmann  :  Bildung  von 
Anilinfarben  aus  Proteinkbrpern.  Journ.  filr  Prak.  Ckemie,  vol.  99,  404, 
1868.  Haubener:  Mapasin  filr  die  Oesammte  Thierheilkunde,  Bd.  18, 
p.  1  to  85,  129  to  204,  370  to  282. 
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abstraction  of  cream  (or  both  combined)  ;  the  addition  of  cane 
sugar  to  conceal  watering,  the  addition  of  salt,  borax,  or  salicylic 
acid  to  milks  likely  to  decompose;  and,  lastly,  the  addition  of 
glycerine.  Milk  is  also  occasionally  manufactured  from  con- 
densed or  concentrated  milks.  No  other  adultei'ations  than 
the  above  *  have  been  proved  to  exist  by  any  trustworthy  evi- 
dence. The  mere  addition  of  water  is  easily  detected  by  the  low 
specific  gravity  of  the  milk,  which  test  is  really  extremely  satis- 
factory, provided  the  milk  is  not  exceptionally  rich  in  cream, 
for  an  exceptionally  rich  milk  may  possess  a  specific  gravity 
similar  to  that  of  a  watered  milk.  For  instance,  a  sample  of 
"  fear  milk,"  t  analysed  by  the  author,  was  found  of  a  specific 
gravity  of  1-019;  it  contained  over  7  per  cent,  of  milk-fat.  If, 
however,  the  milk  is  allowed  to  stand  a  little  while,  and  the  fat 
then  partially  removed  by  skimming,  a  mistake  from  specific 
gravity  is  not  possible.  The  specific  gravity  may  be  taken  by 
the  hydrometer,  by  a  Westphall's  balance,  by  a  spiral  balance 
(p.  70),  or  by  a  specific  gravity  bottle;  in  all  cases  it  must  be 
considered  as  a  preliminary  test  only,  its  indications  should  be 
confirmed  or  otherwise  by  subsequent  analysis.  The  amount  of 
water  in  the  milk  can  only  be  discovered  accurately  by  analysis 
and  calculation.  The  analysis  is  conducted  on  the  principles 
already  explained,  and  the  amount  of  water  calculated  from  the 
percentage  of  "  solids  not  fat."    If  the  exact  composition  of  the 

*  The  fable  of  the  adulteration  of  milk  with  brains  probably  originated 
in  a  communication  made  to  the  Gazette  des  Hopitaux,  Sep.  25,  1841,  by  an 
anonymous  writer,  who  affirmed  that  he  had  seen  in  milk,  by  the  aid  of  the 
microscope,  cerebral  tissue  and  the  debris  of  blood-vessels.  This  improbable 
announcement  was  reiterated  by  M.  Jules  Rossignon,  who,  writing  in 
V Echo  du  Monde  Savant,  gave  as  an  established  fact  the  brain  adulteration 
of  milk  ("La  Cervelle  des  Chevaux  de  Montfaucon  ").  This  statement 
again  having  been  reproduced  in  Le  Memorial  Encyclopedique,  was  after- 
wards worked  up,  with  additions  and  amplifications,  in  various  popular 
periodicals  and  journals ;  but,  generally  speaking,  it  was  not  accepted  by 
chemists  actually  engaged  in  practical  work.  In  1844,  shortly  after  the 
publication  of  the  papers  alluded  to,  MM.  Gamier  and  Harel  declared 
in  their  work  ( "  Des  Falsifications  des  Substances  Alimentaires  "),  "We  have 
never  met  in  commerce  a  single  sample  of  milk  falsified  with  brain  ;  we  have 
examined  milk  bought  in  different  quarters  of  Paris,  and  especially  among 
the  poor,  but  we  have  never  found  an  atom  of  cerebral  matter."  With  regard 
to  cream  also,  they  justly  say,  that  brains  are  not  suitable  for  the  produc- 
tion of  cream,  communicating  to  it  a  disagreeable  taste,  and  not  thickening 
it.  Gautior  de  Chaubry  also  undertook  some  elaborate  experiments,  show- 
ing how  extremely  difficult  it  was  to  mix  brain-matter  with  milk,  and  when 
it  was  effected,  how  different  the  milk  was  from  ordinary  milk. 

t  A  small  can  of  exceptionally  rich  milk  has  been  occasionally  carried  by 
milkmen  for  the  purpose  of  serving  any  inspector.  Such  milk  has  been 
termed  "  fear  milk.  ' 
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original  milk  is  known,  then  the  amount  of  water  added  may  be 
with  accuracy  calculated  from  the  following  formula  : — 

100 

.         8  =  X 

y 

in  which  y  denotes  the  original  amount  of  "  solids  not  fat,"  s  the 
amount  of  "  solids  not  fat "  in  the  watered  sample,  and  x  the 
number  of  parts  of  genuine  milk  in  ICQ.  As  this  useful  know- 
ledge is  in  practice  never  obtained,  the  analyst  must  use  a 
formula  based  either  on  the  average  percentage  of  "  solids  not 
fat,"  or  on  the  lowest  percentage  known  to  occur.  This  average 
thousands  of  analyses  have  determined  to  lie  between  9 "3  and 
9*5  per  cent.,  while  the  lowest  percentage  found  in  healthy 
fairly-milked  animals  is  about  9  per  cent.  Calculated  on  this 
basis,  the  formula  becomes 

ICQ 

This  is  the  standard  adopted  by  the  Society  of  Public  Analysts; 
but  as  a  standard  it  is  too  low,  and  permits  the  milkman  to 
water  the  milk  at  least  2  per  cent. ;  for  instance,  in  the  analysis 
of  the  milk  of  183  cows,  milked  in  the  presence  of  Mr,  Carter 
Bell,  and  analysed  by  him,  the  lowest  percentage  of  "  solids  not 
fat"  is  given  as  9"2.  Now,  to  this  milk  water  could  be  added  in 
the  proportion  of  2J  per  cent.  ;  and  as  six  of  Mr.  Bell's  cows 
averaged  "solids  not  fat"  11-3  per  cent.,  such  milk  could  be 
watered  25-5  per  cent.  Lastly,  Mr.  "Wanklyn's  average  country 
milk  could  be  watered  4  per  cent. ;  his  average  town  milk 
10  per  cent. ;  the  milk  of  the  Alderney  cow  4  per  cent. ;  and  Mr. 
Bell's  mean  of  181  cows  (9-9)  9  per  cent.,  to  bring  it  down  to  the 
Society's  standard. 

The  author  has,  therefore,  somewhat  departed  from  standards 
in  certifying  to  the  adulteration  of  milk  by  water ;  and  in  cases 
where  the  "  solids  not  fat "  exactly  reach  the  Society's  standard, 
invariably  analyses  the  milk  carefully,  seeking  for  evidences  of 
watering  in  the  presence  of  nitrates  and  suljjhates.  For  cows' 
milk  only  contains  a  trace  of  sulphuric  acid  in  combination, 
and  is  absolutely  destitute  of  nitrates ;  water,  on  the  other 
hand,  not  unfrequently  abounds  in  sulphates,  and,  if  impure,  in 
nitrates.  Hence,  if  a  sufficient  quantity  of  the  milk  can  be 
obtained  for  the  investigation,  the  finding  of  nitrates  and  an 
excess  of  sulphates,  or  both,  is  fair  proof  of  watering,  and  an 
analyst  is  justified  in  certifying  accordingly,  although  "  the 
solids  not  fat "  may  reach  the  so-called  standard.*    In  certify- 

*  This  is  the  more  necessary  since,  at  the  present  time,  the  Government 
chemists  have  adopted  the  untenable  standard  of  8*5  "solids  not  fat." 
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ing  as  to  -watered  milks,  the  author,  in  certain  cases,  uses  in  his 
certificate  a  particular  form  of  words,  which  is  calculated  to 
represent  the  actual  facts  more  accurately  than  the  usual  state- 
ment.   An  example  will  suffice  : — 

"  This  milk  has  been  adulterated  loith  water.  Tlie  exact  amount 
of  water  added  can  only  be  told  wlien  the  original  composition  of 
this  particular  sample  of  milk  is  known.  But  if  the  original  milk 
was  a  very  rich  milk,  containing  1 1  per  cent,  of '  solids  not  fat,'  then 
to  every  100  parts  of  milk  by  v:eiyht  22-7  of  water  have  been  added. 
If  the  milk  contained  10  per  cent,  of  '  solids  not  fat,'  then  15  parts 
of  water  to  every  100  of  milk  have  been  added.  Lastly,  if  the  composi- 
tion of  the  original  milk  was  that  of  the  poorest  milk  which  a  healthy, 
fairly-milked  cow  is  known  to  yield  as  an  average — viz.,  containing 
9  per  cent,  of  'solids  not  fat,'  then  to  every  100  of  such  milk 

5-6  of  water  have  been  added ;  or,  to  put  it  in  another  form,  1000 
parts  by  weight  of  milk  have  been  made  into  1056.  /  tlierefore 
certify  the  milk  to  have  been  watered  AT  LEAST  5 '6  per  cent." 

However  verbose  such  a  certificate  may  seem,  yet  when  it  is 
remembei'ed  that  under  the  Act  the  analyst  is  seldom  called 
upon  to  give  verbal  evidence  before  a  magistrate,  the  more  full 
and  complete  the  written  statement  of  facts  the  better,  and  the 
author  has  occasionally  found  it  in  practice  extremely  useful, 
more  especially  since  few  magisti'ates  possess  chemical  know- 
ledge, and,  therefore,  naturally  expect  and  require  a  very  full 
explanation  of  the  principles  on  which  the  certificate  is  based. 

§  160.  With  regard  to  the  removal  of  cream,  the  method  of 
detection  is,  of  course,  to  make  a  quantitative  analysis  of  the 
milk,  exhausting  the  dry  solids,  as  before  described,  by  suitable 
solvents.  If  the  milk-fat  so  obtained  falls  below  2-5  per  cent., 
the  milk  in  all  probability  has  had  its  cream  removed ;  and  the 
amount  of  fat  abstracted  is  found,  according  to  this  standard,  by 
the  following  formula,  in  which  s  =  solids  not  fat,  /  =  the  fat 
found,  and  x  the  percentage  of  fat  removed  : — 


If  tlie  milk  is  both  skimmed  and  watered,  the  following  for- 
mula may  be  used,  the  letters  having  the  same  significance,  with 
the  exception  that  x  means  exti-aneous  water  : — 

100-100  +  2-5 

Possibly  one  cow  in  a  thousand,  at  one  period  of  the  year,  and  on  a  parti- 
cular diet,  may  give  such  a  milk. 
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In  giving  a  certificate  as  to  the  skimming  of  milk,  the  author 
invariably  states  that  it  is  calculated  to  a  particular  standard, 
which  may  not  at  all  represent  the  actual  amount  of  fat  removed, 
for  in  rich  milks  the  fat  is  considerably  over  2-5  per  cent. ;  and 
he  is  also  careful  never  to  use  the  word  "  skimming,"  but  sub- 
stitutes the  phrase  "  the  fat  has  been  abstracted,"  a  formula 
which  includes  all  the  indirect  ways  in  which  fat  may  be 
removed. 

The  "  solids  not  fat  "  may  be  normal,  and  the  specific  gravity 
norma],  and  yet  the  milk  may  be  much  watered.  This  feat  is 
accomplished  by  the  addition  of  cane-sugar.  Cane-sugar  is  cheap, 
its  solution  in  water  has  a  high  specific  gravity,  and  it,  of  course, 
raises  the  amount  of  "  solids  not  fat."  A  little  practice  in  tast- 
ing milk  enables  any  one  to  suspect  its  presence,  but  a  complete 
analysis  alone  establishes  it.  In  a  milk  adulterated  in  this  way 
with  cane-sugar,  if  the  milk-fat,  the  caseine,  and  albumen  are 
separately  estimated,  the  caseine,  albumen,  and  probably  the 
milk-fat  will  all  be  found  low,  Avhile  the  ash  will  also  be  found 
less  than  the  normal  quantity,  and  the  remaining  organic  con- 
stituents high. 

Dr.  Muter  estimates  the  amount  of  cane-sugar  added,  by 
pouring  10  grms.  of  milk  on  to  4  of  calcium  sulphate  hydrate, 
evaporating  this  mixture  to  dryness  with  constant  stirring, 
exhausting  the  fat  by  ether,  and  then  removing  all  the  sugar 
by  dilute  alcohol.  This  alcoholic  extract  is  made  up  to  a  known 
bulk,  and  divided  into  two  parts ;  one  portion  is  evaporated  to 
dryness,  weighed,  and  then  burnt,  and  the  weight  of  organic 
constittients  found  by  difi'erence  ;  in  the  other  portion  an  esti- 
mation by  Fehling  is  made ;  if  no  cane-sugar  is  present,  the 
difference  between  the  two  estimations  will  be  merely  due  to 
galactine  and  other  principles  soluble,  to  some  extent,  in  dilute 
alcohol,  and  to  any  experimental  eri'or.  If,  however,  cane- 
sugar  has  been  fraudulently  added,  there  will  be  a  most  marked 
difference,  which  may  be  returned  as  cane-sugar.  Dr.  Muter 
considers  that  unless  the  sugar  is  sufiicient  to  impart  a  taste  to 
the  milk,  it  is  not  likely  to  be  with  any  certainty  discovered  by 
analysis.* 

§  161.  The  addition  of  common  salt,  carbonate  of  soda,  or, 
speaking  generally,  mineral  adulterants,  if  in  large  quantity, 
will  be  at  once  recognised  by  the  abnormal  weight  of  the  ash. 
If  in  smaller,  the  relation  existing  between  the  amount  of  asli 
and  the  caseine  will  be  destroyed,  and  render  it  necessary  to 
submit  the  ash  to  a  careful  qualitative  and  quantitative  analysis. 


•  Analyst,  March,  1880. 
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A  normal  milk-ash  is  white,  or  nearly  so,  contains  scai'cely  a 
trace  of  sulphate,  and  does  not  effervesce  on  the  addition  of  acids. 
Borax  is  difficult  of  detection,  because  so  little  is  usually  added. 
The  best  method  would  appear  to  be,  to  evaporate  down  as 
much  of  the  milk  as  can  be  obtained,  previously  rendering  it 
feebly  alkaline.  It  is  then  burnt  up  at  a  low  temperature  to  an 
ash,  and  a  little  glycerine  added  ;  the  mixture  stirred  with  a 
glass  rod,  and  a  portion  on  the  loop  of  a  platinum  wire  intro- 
duced into  the  Bunsen  flame,  and  examined  by  the  spectroscope, 
when  the  bands  peculiar  to  boracic  acid  will  be  seen,  and  may 
be  compared  with  the  spectrum  of  pure  boracic  acid.  Or  the 
ash  may  be  decomposed  hy  pure  sulphuric  acid,  the  freed  boric 
acid  dissolved  out  by  alcohol,  the  alcohol  concentrated,  and  the 
platinum  wire  moistened  as  before,  and  the  spectrum  observed. 
The  flame  in  all  these  cases  will  show  a  more  or  less  marked 
green  colour. 

A  process  of  preserving  milk  by  glycerine  exists,  and  occa- 
sionally it  is  found  in  milk.  To  detect  glycerine  the  caseine,  fat, 
and  albumen  must  be  separated  by  dilution,  acetic  acid,  carbon 
dioxide,  and  heat,  as  described  at  p.  241.  The  sugar  is  then 
estimated  in  one  portion  of  the  yellow  whey  by  copper  solution; 
the  remainder  is  first  neutralised,  and  then  evaporated  to  dry- 
ness, and  freed  from  any  trace  of  fat  by  exhaustion  with  pure 
ether.  The  glycerine  is  now  dissolved  out  by  a  mixture  of 
alcohol  and  ether,  the  alcohol-ether  evaporated  ofi",  and  the 
glycerine  identified  by  its  physical  characters  and  the  produc- 
tion of  acrolein  fumes  when  heated  with  sulphuric  acid.  Use 
may  also  be  made  of  the  fact  that  glycerine  sets  free  boracic  acid 
from  boi'ax.  A  little  borax,  therefore,  may  be  moistened  with 
the  syrupy  drops  supposed  to  be  glycerine,  heated  in  a  Bunsen 
flame,  and  examined  before  the  spectroscope  for  the  boracic 
acid  bands.* 

Salicylic  acid  is  used  occasionally  as  a  preservative  of  milk, 
and  it  is  easily  detected  by  shaking  up  milk  whey  (first  acidi- 
fied by  hydrochloric  acid)  with  ether.  The  ethereal  solution  on 
evaporation  leaves  the  acid  in  a  pure  enough  state  to  permit  the 
successful  application  of  reagents.  The  best  test  for  salicylic 
acid  is  the  beautiful  violet  colour  which  it  gives  with  a  neutral 
solution  of  ferric  chloride.  Besides  this  test,  a  minute  portion 
may  be  placed  in  the  subliming  cell,  when  a  well-marked  sub- 
limate is  obtained  at  about  100°.  The  crystalline  form  of  this 
sublimate  may  be  compared  with  one  obtained  from  a  known 
pure  sample  of  salicylic  acid. 

•  A.  Senier  and  A.  J.  G.  Lowe :  Chem.  Soc.  Journal,  clxxxix.,  Sept.,  1878. 
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PRESERVATION  OF  MILK. 

§  162.  It  has  already  been  stated  that  the  lactic  fermentation 
and  the  putrid,  or  butyric,  fermentation  of  milk  are  both  due 
to  mysteriously  minute  bacteroid  bodies,  ever  present  in  the 
atmosphere. 

Milk  boiled,  or  raised  to  a  sufficiently  high  temperature  to 
destroy  any  germs  which  may  be  already  in  the  milk,  and  then 
kept  by  any  process  whatsoever  in  such  a  manner  that  germs 
cannot  gain  access  to  it,  remains  sweet  for  an  indefinite  time. 
If,  for  example,  a  flask  of  milk  is  taken,  heated  up  to  its  boiling- 
point  for  some  time,  and  then,  while  boiling,  plugged  in  the  neck 
with  a  good  compact  piece  of  fibrous  asbestos,  which  itself  has 
been  made  for  a  few  minutes  red  hot,  the  milk  will  neither  de- 
compose nor  ferment.  Similarly,  with  suitable  precautions,  the 
long  thin  neck  of  a  flask  may  be  bent  in  an  N  shape,  the  milk 
boiled  as  before,  and  allowed  to  cool;  in  this  case,  also,  there  will 
be  no  decomposition.  The  explanation  in  the  one  instance  being 
that  the  germs  have  been  filtered;  in  the  other,  that  they  have 
settled  in  the  bend  of  the  N,  not  being  able  to  turn  corners  readily. 
Similar  experiments  (all  of  which  have  been  essayed  over  and 
over  again  by  Tyndall,  Pasteur,  and  others)  all  point  to  the  same 
simple  conclusion — viz.,  that  it  is  only  necessary  to  destroy  the 
existing  germs,  and  then  put  the  organic  substances  or  fluids 
under  such  conditions  as  will  shield  them  from  renewed  infec- 
tion, in  order  to  preserve  the  most  complex  substances  and  fluids 
from  further  change. 

The  various  processes  which  have  been  proposed  for  the  pre- 
servation of  milk  fall  under  the  following  heads  : — 

(1.)  Evaporating  Processes, — in  which  the  milk  is  reduced  to  a 
dry  powder,  and  generally  mixed  with  sugar,  the  evaporation 
taking  place  either  in  a  vacuum  or  in  a  stream  of  warm,  dry  air. 

(2.)  Chemical  Additions, — such  as  glycerine,  or  other  anti- 
ferments. 

(3.)  Application  of  Cold. 

(4.)  A2)plication  first  of  Heat,  and  tJien  of  Cold. 

§  163.  (1.)  Evaporating  Processes. — All  putrefactive  and  fer- 
mentative change  is  reduced  to  a  minimum  when  organic  sub- 
stances are  deprived  of  water,  and  milk  is  no  exception  to  the 
rule.  The  dried  milk  solids,  without  any  addition  whatever, 
will  often  keep  for  many  weeks  although  freely  exposed  to  the 
air;  while  with  certain  additions,  such  as  sugar,  the  preservation 
may  be  called  for  pi-actical  pui-poses  permanent. 

The  Swiss  Company's  Condensed  Milk  may  be  cited  as  a  very 
successful  experiment  of  this  kind,  the  milk  being  what  it  pre- 
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tends  to  be — viz.,  evaporated  to  a  certain  point  with  the  addi- 
tion of  sugar.  Numerous  patents  have  also  been  taken  out  in 
this  country  with  the  same  end  in  view.  A  few  of  the  more 
important  are  as  follows  : — 

In  William  Newton's  patent  [No.  6787,  1837]  the  milk  was 
evaporated  as  rapidly  as  possible,  either  by  warm  or  cold  air 
or  in  a  vacuum,  and  then  pulverised  and  mixed  with  powdered 
loaf-sugar. 

In  1847,  a  process  was  proposed  by  T.  S.  Grimwade  [patent 
No.  11703].  The  milk  was  concentrated  in  vacuo,  and  four  grains 
of  saltpetre  were  added  to  every  quart;  the  milk  was  then  trans- 
ferred into  vacuous  bottles,  the  arrangement  for  corking  these 
bottles  being  particularly  ingenious. 

Jules  Jean  Baptiste  Martin  de  Lignac  [patent  No.  11892, 1847] 
evaporated  in  simple  open  pans,  continually  breaking  the  scum 
up  by  mechanical  means.  A  little  sugar  was  added,  and  the 
product  preserved  in  hermetically-closed  vessels. 

A  patent  taken  out  by  Grimwade  in  1855  [patent  No.  2430], 
was  a  combined  process.  The  milk,  immediately  on  being 
received  from  the  cow,  was  heated  to  110°  Fahr. ;  and  5  ozs.  of 
refined  sugar  and  1-25  ozs.  of  milk-sugar  were  added  to  every 
gallon  of  milk.  The  whole  was  now  evaporated  in  a  particular 
pan  with  double  bottom,  through  which  hot  water  was  made  to 
circulate  during  the  evaporation.  These  pans  were  kept  in  a 
continual  oscillation  by  means  of  machinery,  and  the  resulting 
dry  solids  were  ground  to  powder  by  rollers. 

In  Clark's  patent  [No.  3675,  1837],  for  the  first  time,  is  men- 
tioned the  heating  of  milk  to  the  boiling  point  of  water,  with  the 
avowed  object  of  destroying  germs.  The  milk  is  evaporated  in  a 
vacuum  without  the  addition  of  sugar. 

Stephens  has  an  ingenious  specification  [No.  1342,  1872], 
according  to  which  the  milk  is  rapidly  condensed  in  a  continuous 
manner  by  successively  passing  through  a  series  of  twenty-four 
pans,  each  pan  being  raised  a  little  above  the  next  in  order,  and 
the  whole  being  in  a  line.  The  bottoms  of  the  pans  are  serrated, 
heated  by  steam,  and  oscillation  by  machinery  is  kept  up.  The 
milk  flows  in  a  slow  shallow  stream,  and  the  evaporation  is 
finished  by  the  time  the  milk  reaches  the  last  pan. 

§  164.  (2.)  Additions  to  Milk. — The  ordinary  additions  have 
been  sugar,  milk-sugar,  glucose,*  carbonate  of  soda,  and  nitre. 
Bethall,  in  1848,  preserved  cream  and  milk  by  first  expelling 
tlie  air,  and  then  saturating  the  liquids  by  carbonic  dioxide. 
The  gas  was  evolved  in  the  usual  way,  from  sodic  carbonate 

*  J.  A.  Newnham,  No.  2801,  1870. 
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decomposed  by  an  acid ;  the  air  was  expelled  by  boiling,  and 
the  milk  was  then  preserved  in  bottles.  A  similar  patent 
[No.  25,  1879]  has  been  taken  out  by  Riddell,  and,  without 
doubt,  this  method  is  scientifically  correct,  and,  if  properly  done, 
would  be  efFectuah  Wanklyn  and  Eassie  [patent  No.  1861,  1871] 
have  proposed  the  addition  of  two  parts  of  glycerine  to  every 
100  of  milk. 

All  these  methods  of  preserving  milk  have,  it  is  obvious,  no 
effect  in  destroying  the  germs  of  any  disease  possible  to  be 
communicated  to  man.  Speaking  generally,  indeed,  all  additions 
to  milk  in  the  form  of  antiseptics,  such  as  glycerine,  salicylic 
acid,  borax,  and  the  like,  should  be  looked  upon  with  disfavour; 
for  by  their  use  cleanliness  in  the  dairy  would  not  be  such  an 
essential  as  it  is  now;  and  the  addition  of  these  antiseptics  is 
somewhat  analogous  to  the  saturation  of  foul  places  with  carbolic 
acid,  when  the  more  obvious  and  more  effectual  remedy  would 
be  to  keep  them  free  from  filth. 

§  165.  (3.)  Action  of  Cold  on  Milk. — The  simple  action  of  cold 
on  milk  has  been  studied  scientifically,  and  it  has  been  con- 
clusively proved  that  the  artificial  cooling  of  milk  by  ice 
(whether  the  milk  be  placed  for  the  purpose  in  deep  cans  or  in 
shallow  pans)  produces  far  better,  sweeter  cream  than  any  other 
system.  An  analysis  of  cream  by  Voelcker  *  thrown  up  by  the 
Swartz  system,t  gave  the  following  : — 

Milk  fat   85-70 

Caseine,   "92 

Ash,    -12 

Water   13-26 

The  cream  was  perfectly  neutral. 

TisseraudjJ  from  Ms  experiments  on  the  action  of  cold,  con- 
cluded that — 

1.  The  rising  of  the  cream  is  the  more  rapid  the  nearer 
zero  the  milk  is  kept ; 

2.  The  volume  of  the  cream  is  greater  ; 

3.  The  yield  of  butter  more  considerable ; 

4.  The  skim-milk,  the  butter,  and  the  cheese,  are  in  the  latter 
case  of  better  quality. 

Still,  however  valuable  the  use  of  cold  may  be  to  throw  up 
the  cream  and  to  preserve  milk  in  transit,  it  must  not  be 
forgotten  that  it  in  no  way  renders  the  milk  safe,  should  it  be 
contaminated  by  any  specific  poison  of  animal  or  human  origin. 

*  Journal  Agriail.  Soc, 'No.  xxiv.,  IS19,  II.  157. 

t  Deep  cans,  (2  feet  long,  20  deep,  and  6  wide),  in  which  the  milk  is  arti- 
ficially cooled,  are  the  chief  features  of  the  Swartz  system. 
t  Comptet  Jiendus,  t.  82,  1876. 
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§  166.  (4.)  Heating  and  then  Cooling. — A  very  perfect  process  of 
preserving  milk,  if  the  temperature  used  had  only  been  sufficient, 
was  patented  in  1857,  by  Joseph  House,  No.  15.  He  evapor- 
ated down  to  I  of  its  bulk,  at  a  temperature  not  exceeding  150° 
Fahr.,  in  a  shallow  circular  dish.  The  concentrated  milk  was 
then  put  into  tins,  cooled  artificially  and  soldered  down. 


INFLUENCE  OF  FOOD  ON  THE  QUALITY  AND  QUANTITY 

OF  MILK. 

§  167.  The  influence  of  food  on  the  lacteal  secretion  is  great, 
a  difi'erence  more  especially  appreciated  if  the  produce  of  the 
whole  milk  be  taken  into  account,  and  not  the  mei-e  percentage 
composition.  Indeed,  in  experiments  on  the  influence  of  food, 
the  mere  composition  of  100  parts  of  milk,  without  the  know- 
ledge of  the  total  amount  secreted,  is  not  only  useless,  but  mis- 
leading, and  has  caused  many  erroneous  conclusions. 

It  appears  established  that  abundance  of  suitable  food,  with 
little  exercise,  increases  the  yield  of  milk  in  every  animal,  and 
therefore  increases  all  the  constituents;  while  the  reverse  de- 
ci-eases  the  yield,  and  therefore  decreases  all  the  constituents. 
The  increase  of  the  total  solids,  when  a  highly  nitrogenous  sub- 
stance like  flesh  is  given  to  a  herbivorous  animal,  is  remarkable. 
Thus,  Weiske  obtained  daily  739  grms.  of  milk  from  a  goat  fed 
on  potatoes  and  straw,  but  on  the  addition  of  a  little  powdered 
fibrine  to  the  same  weight  of  food,  1054  grms. 

Dumas  considered  it  proved  by  his  experiments*  that,  when 
bread  was  given  to  a  bitch,  her  milk  then  contained  milk-sugar, 
but  when  carbo-hydrates  or  starchy  substances  were  withheld, 
and  flesh  given,  then  there  was  no  milk-sugar,  and  that  in  all  the 
carnivora  lactic  acid  took  the  place  of  lactose  (milk-sugar).  It 
would,  however,  appear  that  this  teaching  is  erroneous  ;  for  most 
certainly  the  milk  of  animals  fed  exclusively  on  flesh,  does  con- 
tain milk-sugar,  and  it  is  probably  of  albuminous  origin. 

Beuscht  has  found  milk-sugar  in  the  milk  of  a  bitch,  the 
sample  being  drawn  on  the  eighth,  twelfth,  and  twentieth  days  of 
an  exclusive  flesh  diet.  Subbotin  J  found  the  svigar  in  a  bitch's 
milk  to  be  3  41  per  cent,  when  fed  on  potatoes,  and  2 -4 9  when 
fed  on  meat;  but  since  on  the  latter  diet  there  was  a  far  greater 
yield  than  on  the  former,  the  real  fact  was  that  the  flesh  increased, 
not  diminished,  the  sugar. 

*  Comptes  liendus,  t.  xvii.,  p.  585,  1843. 

+  Beusch  :  Ann.  der  Chemie  u.  Pharmacie,  Ixi.,  a.  221,  1874. 

t  Subbotin  :  Arch,  filr  Path.  Anatom.,  xxxvi.,  s.  561,  1866. 
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The  connection  of  fat  with  the  food  eaten  by  the  cow  formed 
the  subject  of  an  interesting  controversy  between  Liebig  and  the 
French  chemists.  MM.  Dumas,  Boussingault,*  and  Payen  made 
several  experiments  on  seven  cows.  These  cows  furnished  annually 
17576  litres  of  milk,  specific  gravity  1035;  the  weight,  therefore,  of 
the  milk  was  about  18191  kilos.,  and  the  fat  produced  was  3 '7  per 
cent.,  or  673  kilos,  annually.  The  food  supplied  to  the  animals 
was  38325  kilos,  of  hay,  and  the  fat  contained  in  the  food  the 
authors  calculated  not  to  exceed  766  kilos.,  and  then  proceeded  to 
draw  the  conclusion,  that  this  milk-fat  was  derived  solely  from  fat 
in  the  food  eaten.  Liebig  replied  to  their  paper,  and  showed  that 
a  cow  nourished  with  15  kilos,  of  potatoes  and  7*5  of  hay,  received 
in  six  days  756  grms.  of  fatty  matter;  but  the  excrements  furnished 
747'56  grms.  of  fat,  and  the  cow  yielded  3116  grms.  of  butter. 
Hence  the  supposition  was  impossible,  f 

Kuhne  fed  cows  on  fat-rich  and  fat-poor  foods  for  some  time 
with  entirely  negative  results. 

We  have  also  the  extremely  valuable  experiments  undertaken 
some  years  ago  by  Dr.  Lyon  Playfair,  in  which  the  food  given  to 
the  cow  was  carefully  weighed,  and  the  milk  produced  was  also 
weighed  and  analysed.  The  experiment  lasted  five  days,  and  the 
following  is  a  summary  of  the  results  : — On  the  second  day,  the 
cow  received  food  which  contained  ^SG  lb.  fat,  but  the  butter 
produced  was  "969  lb.,  so  that  483  lb.  (even  supposing  the  fat 
taken  in  with  the  food  to  have  been  elaborated  into  butter)  must 
have  been  derived  from  other  sources.  On  the  third  day  the  cow 
received — 

23  lbs.  hay  =       -426  fat. 

2 '5  lbs.,  oatmeal  =  "050  ,, 
8  lbs.  of  beans      =       "066  „ 

Total,       .       .       -542  fat. 

But  the  butter  amounted  to  "9  lb.,  much  in  excess  of  the  fat 
taken  in.  On  the  fourth  day,  the  butter  amounted  to  1*36  lb., 
the  fat  in  the  food  to  "364  lb.  On  the  fifth  day,  the  butter  was 
1-203  lb.,  the  fat  in  the  food  -29  lb.  The  total  result  being 
that  the  cow  received  1-682  lb.  fat  in  its  food,  and  yielded 
4-429  lbs.  fat  in  its  milk,  giving  2-747  lbs.  in  excess  of  that 
received. 

Weiske  fed  a  goat  as  follows  : — During  tlie  first  period,  it  had 
1500  grms.  of  potatoes  and  375  gnus,  of  chopped  straw,  when  the 

•  "Recherches  sur  I'Engraissement  des  Bestiaux  et  la  Formation  du  Lait," 
par  MM.  Dumas,  Boussingault,  et  Payen:  Comptes  Rendits,  t.  xvi., 
p.  345,  1843. 

t  Ibid.,  t.  xvi.,  p.  553. 
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yield  of  milk  daily  was  739  grms. :  of  fat,  19-96  grms. :  in  the 
next  period  (25  grms.  of  flesh-meat  Avere  added) ;  this  brought 
the  milk  up  to  1054  grms.,  and  the  daily  yield  of  fat  to 
33-21  grms.  Instead  of  the  flesh-meat,  250  grms.  of  bran  and 
125  grms.  of  oil  were  next  added  ;  but  this  decreased  the  yield  of 
milk  to  half  the  former  quantity — viz.,  588  grms.,  the  fat  being 
29-74  grms.  Instead  of  the  oil,  85  grms.  of  stearic  acid  was 
added  ;  the  milk  diminished  slightly  in  quantity,  506-2  grms.  of 
milk  being  obtained,  and  22-30  fat. 

The  most  extended  series  of  experiments  on  the  influence  of 
food  on  the  fat  of  milk  and  on  the  total  yield  are,  however,  those 
of  Fleischmann  and  P.  Vieth.  They  observed  and  registered  the 
daily  ^ield  of  milk,  the  percentage  of  fat,  the  specific  gravity,  and 
the  difference  between  the  morning  and  evening  milkings  under 
different  diets  in  a  herd  of  119  cows.  The  observations  continued 
a  whole  year. 

The  herd  was  of  the  dun-red  Mecklenburg  breed.  Their  aver- 
age weight  during  the  stall-feeding  season  being  453-5  kilos. 
(999-7  lbs.).  Their  dry  period  averaged,  for  each  cow,  fifty-flve 
days,  and  the  yield  of  milk  of  the  whole  herd  was  2582-34  kilos. 
(5692  lbs.)  each,  or,  expressed  in  gallons,  550  gallons.  During 
the  first  period,  from  January  1  to  March  5,  their  food  con- 
sisted of  12  kilos.  (26-4  lbs.)  of  chopped  fodder — viz.,  one-fifth 
clover  hay,  one-fifth  meadow  hay,  three-fifths  oat  and  barley 
straw,  together  with  -875  kilo.  (1-92  lbs.)  long  oaten  straw, 
1  kilo.  (2-2  lbs.)  wheat  bran,  and  1  kilo.  (2-2  lbs.)  cocoa-nut 
cake.  The  same  rations  were  continued  to  May  15,  with  the 
slight  addition  of  0-375  (3-2  lbs.)  of  flesh-meat.  From  October  15 
to  December  31,  the  rations  consisted  of  4-165  kilos.  (9-1  lbs.) 
clover  hay,  1-75  kilos.  (3-85  lbs.)  meadow  hay,  5-985  kilos. 
(1318  lbs.)  oaten  straw — all  long,  -5  kilo.  (1*10  lbs.)  cocoa-nut 
cake,  -5  kilo.  (1-10  lbs.)  rye-meal.  The  main  results  of  the 
experiments  are  tabulated  on  the  next  page  (Table  XVI). 

It  will  be  seen  that  the  fat  was  considerably  more  during  the 
2nd  and  3rd  periods — viz.,  from  March  to  July,  when  flesh  meat 
was  a  constituent  of  the  food  ;  besides,  those  months  were  of  a 
pleasant  temperature,  therefore  moderate  warmth  and  a  nitro- 
genous diet  contributed. 

The  numerous  experiments  quoted  show  very  conclusively 
that  the  main  fat-producing  foods  are  to  bo  found  among  those 
that  are  highly  nitrogenised,  and  that  the  farmer  who  desires 
to  increase  his  yield  of  cream  must  certainly  choose  the 
nitrogenised  rather  than  the  starchy  or  fatty  foods.  Stall- 
fed  cattle,  as  a  rule,  give  more  fat  than  those  that  are  not 
stall-fed,  for  a  portion  of  the  fat  appears  to  be  diverted  to  keep 
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TABLE  XVI. 


Periods. 

Milk  per  Cow. 

Fat  per  Cow. 

Beuare^. 

Morn. 

Eve. 

Mom. 

Eve. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

I.  Jan.  1  to  March  5, 
65  days, 

7-70 

7-28 

•26 

•25 

Stall-feeding. 

II.  Mar.  5  to  May  15, 
70  days, 

8-84 

8-49 

•28 

•27 

Addition  of  flesh- 

in.  May  15  to  July  15, 
61  days, 

9-43 

9-68 

•31 

•30 

meat. 
Pasturage  on  tcom- 

IV.  July  15  to  Oct.  15, 
92  days. 

7-39 

7-19 

•24 

•24 

mons. 
Pasturage  on  clover- 

V.  Oct.  15  to  Dec.  31, 
77  days, 

5-81 

5-43 

•20 

•19 

grass. 
Stall-feeding. 

Day's  average,  . 

15-630 

•51 

TABLE  XVIL 


Duration  op  Experiment. 

Average  Wbight 
Per  head. 

Daily  Average 
Yield. 

Daily 
Produce  in 

HUTTER 
FROM  THE 

8  Cows. 

Superior. 

Inferior. 

Superior. 

Inferior. 

I.  Feb.  22,  March  1, .  | 

1065 
1087 

1039  ) 
1042  \ 

9-48 

6-49 

3-4 

II.  March  19,  . 

1097 

1072 

10-23 

6-71 

3-8 

IIL  March  27,  . 

1118 

1085 

9-54 

6-12 

3-6 

IV.  April  5, 

1112 

1118 

8-99 

6-31 

3-9 

V.  April  14, 

1094 

1086 

8-33 

6-09 

2-9 

VI.  AprU22,  . 

1116 

1098 

7-45 

5-72 

2^7 

Food. — I.  IS  lbs.  of  brewers'  grains,  36  lbs.  mangolds,  and  25  lbs.  oat- 
straw. 

II.  5"4  lbs.  rape-cake,  36  lbs.  mangolds,  25  lbs.  oat-straw. 

III.  4-5  lbs.  rape-cake,  36  lbs.  mangolds,  25  lbs.  oat-straw. 

IV.  18  lbs.  brewers'  grains,  36  lbs.  mangolds,  25  lbs.  oat-straw. 

V.  18  lbs.  brewers'  grains,  45  lbs.  mangolds,  25  lbs.  oat-straw. 

VI.  12  lbs.  brewers'  grains,  45  lbs.  mangolds,  25  lbs.  oat-straw. 
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up  the  heat  of  the  body,  therefore  it  is  a  matter  of  practical 
economy  to  keep  cattle  warm  in  the  winter.  Similarly,  the  yield 
of  milk  becomes  less  in  quantity  and  poorer  in  quality,  if  cows 
are  allowed  in  the  summer  to  be  teased  by  dogs  or  flies,  or  in 
auyway  compelled  to  take  much  exercise. 

Struckmann  made  some  very  valuable  experiments  in  1859 
upon  cows  of  good  breed,  "  superior,"  and  cows  of  an  "  inferior  " 
breed.  The  method  of  feeding  and  the  results  are  tabulated  in 
annexed  table  (XVII). 

The  conclusions  drawn  are — 

(1.)  That  most  milk  is  produced  by  a  diet  of  5*4  lbs.  rape 
cake,  36  lbs.  mangolds,  and  25  lbs.  oat-straw. 

(2.)  That  a  reduction  of  9-lOths  lb.  of  rape-cake  diminished 
the  milk  of  the  superior  cows,  the  eight  cows  in  the  3rd  period 
yielding  about  a  gallon  less  milk  daily ;  hence,  1  lb.  of  oil-cake 
produced  1"2  lbs.  of  milk. 

(3.)  In  the  sixth  series,  the  cows  received  6  lbs.  less  brewers' 
grains,  which  diminished  the  produce  to  the  extent  of  about 
1-lOth  of  a  gallon  ;  thus,  1  lb.  of  brewers'  grains  produced  about 
a  quarter  of  a  pound  of  milk. 

(4.)  In  the  first  and  third  series,  very  nearly  equal  quantities  of 
milk  were  produced.  In  both  sets  the  same  quantity  of  mangold- 
wurzel  and  oat-straw  were  given  ;  18  lbs.  of  brewers'  grains  of 
the  first  series  were  replaced  in  the  third  by  4-5  lbs.  rape-cake  ; 
hence,  1  lb.  of  rape-cake  equals  4  lbs.  of  grains  in  milk-producing 
power.  The  authors  noted  that  rape-cake  produced  milk  richer 
in  butter  than  that  obtained  from  cows  fed  on  brewers'  grains  ; 
but  the  butter  in  the  last  case  had  a  better  flavour.  It  is  curious 
to  note  that  the  superior  breed  was  more  affected  by  change  in 
diet  than  the  inferior  : — In  the  first  period,  the  four  superior  cows 
gained  100  lbs.  in  weight,  and  yielded  343  gallons  of  milk  ;  the 
four  inferior  gained  304  lbs.  and  yielded  227-2  gallons  of  milk  ; 
or,  to  put  it  in  another  form,  in  thirty-six  days  the  superior  cows 
produced  115-8  gallons  more  milk,  and  gained  204  lbs.  less  live 
weight  than  the  inferior  ;  from  this  it  would  appear,  that  5;^ 
lbs.  of  milk  were  replaced  by  1  lb.  of  flesh. 

§  168.  The  colouring  and  the  alkaloidal  and  active  principles 
of  )jlants  impart  their  distinctive  properties  somewhat  readily  to 
milk.  Thus  it  has  long  been  noticed  that  browsing  on  certain 
plants  aff"ect3  the  colour  of  milk  :  Caltha  palustris,  saff"rou,  and 
rliubarb  colour  it  yellow  ;  rhubarb,  opuntia,  and  Kubia  linctorium, 
red  ;  Myosotw  palustris,  polygonum,  and  Anchusa  equisetum, 
l)lu('.  Purgative  vegetables,  such  as  rhubarb,  or  even  the 
juices  of  acid  fruits,  taken  by  a  suckling  woman  almost  invaria- 
bly aff'ect  the  infant.    There  are  instances  of  milk  becoming 
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poisonous  from  containing  the  active  principles  of  plants.  In 
June,  1875,  an  epidemic  of  diarrhoea  occurred  in  the  Rhone  Gorge, 
and  was  traced  to  goats'  milk,  the  goats  liaving  browsed  in  fields 
where  the  meadow  saffron  was  growing.  Professor  Ralti  isolated 
colchicine  from  the  milk.  Similar  outbreaks,  caused  by  the 
animals  having  fed  on  poisonous  shrubs,  have  been  recorded 
in  the  Western  States  of  America  and  Australia.  There  is  a 
supposition  that  the  exposure  of  a  cow  to  bad  odours,  or  to  putrid 
emanations,  has  an  influence  on  the  milk.  Mr.  Willard  cites 
instances  of  cows  yielding  milk  quite  unfit  for  making  cheese,  in 
consequence  of  the  animals  having  inhaled  the  putrid  emanations 
of  a  dead  and  decomposing  cow.  Mr.  A.  H.  Smee*  has  also  stated 
that  the  milk  of  cows  fed  on  sewage  farms  rapidly  putrefies,  but 
no  details  as  to  the  manner  in  which  the  samples  wei-e  collected 
are  given,  and  the  explanation  may  be  that  the  putridity  of  the 
milk  was  not  due  to  the  grass  eaten,  but  that  the  teats  of  the 
cow  were  fouled  by  decomposing  substances,  which  would  mix 
with  the  milk  and  infect  it.  A  most  notable  example  of  this  is 
related  by  X.  A.  Willard-t 

In  a  large  American  cheese-factory  much  trouble  was  caused 
by  decomposition  of  the  milk.  The  cause  of  this  was  traced 
to  one  farm,  and  it  was  ultimately  satisfactorily  demonstrated 
that  the  animals  every  day  walked  through  a  putrid  slough,  the 
matter  adhered  to  the  teats,  there  dried,  and  pai'ticles  fell  into 
the  milk,  with  the  usual  result,  so  that  the  possible  want  of 
cleanliness  in  some  of  the  details  of  milking  must  always  be  borne 
in  mind  in  such  inquiries,  and  especially  the  probable  presence  of 
bacteria  on  the  external  skin  of  a  cow  exposed  to  putrid  emana- 
tions. The  subject  is  of  great  importance,  and  needs  fui'ther 
inquiry.  In  any  future  experiments  as  to  the  influences  of  grass 
manured  with  sewage  on  cows'  milk,  the  teats  and  udder  should 
be  washed  with  a  solution  of  some  disinfectant  before  commenc- 
ing the  milking,  and  more  than  ordinary  care  should  be  taken 
that  the  receptacles  are  in  a  cleanly  state. 

§  169.  Experiments  have  been  made  with  the  object  of 
ascertaining  whether  metallic  compounds  would  be  excreted 
by  milk.  Arsenic  passes  readily  enough  in  minute  quantities, 
and  the  same  may  be  said  of  lead  and  oxide  of  zinc.  Antimony 
also,  if  administered,  appears  in  the  milk.  The  statejnents  with 
regard  to  mercuiy  are  conflicting,  but  tlie  balance  of  evidence 
leads,  on  the  whole,  to  the  conclusion  that  it  is  not  excreted, 
even  in  minute  quantities,  by  the  mammary  glands.  Bismuth, 

•  "Milk  in  Health  and  Disease,"  by  A.  H.  Smee.    London,  1875. 
+  "American  Milk  Factories,"  by  X.  A.  Willard,  A.M.,  of  Herkemer, 
New  York.    Journ.  Agric.  Soc,  viii.  1872. 
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when  administered,  was  detected  in  milk  by  Marchand,  Lewald, 
Chevallier,  and  Henry.  Lewald  gave  15  grms.  of  potassium 
iodide  to  a  cow,  and  its  presence  for  four  days  afterwards  was 
detected  in  the  mUk ;  21  grms.  were  then  given,  and  the  drug 
could  be  detected  so  long  as  seventy-two  houi-s  afterwards.  On 
administering  it  again,  it  was  found  in  the  milk  for  eleven  days. 


THE  QUANTITY  OP  MILK  GIVEN  BY  THE  COW, 
THE  METHOD  OP  PEEDING,  &c. 

§  170.  The  capacity  for  milk  of  the  udder  of  the  cow  is 
usually  estimated  at  about  3  litres  ['66  of  a  gallon,  or  a  little 
more  than  5  pints].  The  quantity  of  milk  secreted  is  about  three 
times  this  amount,  but  varying  in  individual  cows,  and  depending 
on  circumstances,  such  as  the  breed,  the  health,  the  size  of  the 
cow,  the  time  after  parturition,  and  the  nature  and  quantity  of 
the  food  given. 

§  171.  The  breeds  in  England  most  approved  of  are  the 
Alderney,  Ayrshire,  Holderness,  Kerry,  and  Suffolk.  In 
Germany,  the  Swiss,  Allgauer,  and  Dutch  cows  appear  to  be 
the  favourites.  Some  careful  estimates  of  the  amount  yielded 
by  different  breeds  of  Continental  cows  have  recently  been 
published  as  follows : — 


TABLE  XVIIL— AVERAGE  YIELD  OF  MILK.* 


Litres  per 
year. 

Gallons. 

Average 
yield  in 
gallons 

per  day. 

Ausbacher,  ...... 

1284 

28.3-07 

•77 

Murztbaler,  

1500 

330-70 

•90 

Voigtlander,  

1600 

352-75 

•95 

Simmenthaler,  

1690 

372-59 

101 

Saxony,  

202.3 

446-01 

1-22 

Walzthaler,  

2272 

500-90 

1-36 

Pinzg'auer,  ...... 

2.338 

515-45 

1-40 

Swisa,  ....... 

2625 

578-70 

1-60 

Allgiiuer-Montafaner,  .... 

2697 

594-60 

1-62 

Allgauer  

Oldenburger,  ...... 

2710 

597-47 

1-62 

2751 

606-51 

1-65 

Dutch,  ....... 

2906 

640-68 

1-74 

*  All.  Centr-Bl.f.  Agric.  Chemie,  1877,  236. 
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These  breeds,  then,  are  not  superior  to  our  own.  The 
favourite  cow  of  the  London  dairymen  appears  to  be  the  York- 
shire cow,  essentially  a  shorthorn.  The  average  yearly  yield  is 
from  600  to  700  gals.,  15  of  these  cows  giving  about  10,000  gals, 
of  milk  yearly,  or  1'7  gal.  per  day  ;  individual  cows,  of  course, 
occasionally  exceed  this.  A  cow  has  been  known  to  give  daily 
for  some  time  as  much  as  5  gals,  of  milk. 

The  time  elapsing  before  and  after  calving  causes,  as  might  be 
expected,  considerable  variation  in  the  mammary  secretion,  the 
quantity  augmenting  during  the  first  two  or  three  weeks,  and 
diminishing  towards  the  end  of  the  third  or  fourth  month.  To- 
wards the  seventh  month  the  quantity  sinks  to  one-half,  and  in 
the  ninth  and  tenth  months  it  is  often  reduced  to  three-quarters 
of  the  quantity  secreted  at  first.  On  the  approach  of  calving, 
the  milk  ceases  altogether. 

The  age  of  the  animal  has  some  influence,  very  young  cows 
secreting  less  than  mature  adult  cows.  It  is  also  found  that, 
ccBteris  paribus,  the  larger  the  cow  the  greater  the  yield  of  milk. 
Mr.  Ockle  of  Frankenfeld  took  four  Dutch  milking  cows,  two 
weighed  2112  lbs.,  and  two  others  only  1537  lbs.;  he  fed  them 
on  the  same  food,  and  submitted  them  to  similar  conditions  for 
sixteen  days.  The  results  of  this  experiment  are  embodied  in 
the  following  table* : — 

No. 

Two  heavy  cows, 
Two  light 


Two  heavy  cows, 
Two  light  „ 

§  172.  The  feeding  of  milking-cows  varies  somewhat  according 
to  local  circumstances.  In  town  dairies  brewers'  grains  are 
much  in  use,  and  one  to  two  bushels  are  given  daily,  besides 
mangolds,  hay,  and  meal  to  each  cow.  A  very  common  course 
of  home-feeding  is  as  follows  :f — At  4  a.m.  the  cow  receives  two 
or  three  pecks  of  grass,  immediately  after  being  milked,  then  4 
to  5  lbs.  of  hay;  at  9  a.m.,  from  20  to  25  lbs.  of  chopped  mangolds, 
and  another  3  to  4  lbs.  of  hay;  at  1  p.m.  there  is  a  second  milking; 
another  similar  feed  follows,  and  she  is  given  plenty  of  water,  if 

*  On  Milk,  by  Dr.  A.  Voelcker,  Jourtu  Arjricull.  Soc,  xxiv.,  1863. 
t  T.  Carrington  :  Journ.  Agricult.  Soc,  xiv.,  1878,  p.  670. 


Weight  at  com- 
mencement of 
experiment. 
Ib-i. 
2112 
1537 


Weight  at 
end. 

lbs. 
2102 
1537 

Produce  in  milk 

per  100  lbs. 
Groi'n  Lucerne. 
Galls.  Pints.  Ozs. 
.    1      3  16 
.    1     11  16 


Green  Lucerne 
consumed. 

lbs. 
4921 
3859 


Prodnoe 
of  milk. 

lbs. 
68 
48 


Lucerne  consumed 
per  100  lbs. 
live  weight. 

14-6  lbs. 
16  0  lbs. 
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oil-cake  is  used,  3  to  4  lbs.  a  day  are  given  either  with  the 
mangolds,  or  in  a  gruel  with  the  grains.  In  the  country  the 
chief  dependence  is  placed  on  hay,  mangolds,  barley-meal  and 
bean  or  Indian  flour ;  in  the  summer,  abundance  of  green  food 
is  given,  such  as  clover,  vetches,  cabbage,  &c. 


CREAM. 


§  173.  Milk  on  being  allowed  to  rest  for  some  time  becomes 
covered  with  a  yellow  fatty  layer,  known  as  cream.  In  compo- 
sition it  fairly  agrees  with  ordinary  milk,  save  that  it  contains 
a  large  percentage  of  fat,  and  that  there  is  also  a  somewhat 
relatively  higher  percentage  of  caseine  and  albumen.  The  albu- 
minoids have  a  tendency  to  separate  partially,  and  mechani- 
cally adhere  to  the  fat ;  for  example,  the  author  found  the  average 
composition  of  Devon  cream  as  follows  : — 


Milk-fat,  . 
Caseine, 
Albumen,  . 
Galactine,  . 
Lactochrome, 
Milk-sugar, 
Water, 
Ash,  . 
Chlorine  in  Ash, 
Calcic  Phosphate, 


Per  cent 

65  Oil 
3-5.30 
•521 
•050 
Undetermined 
1-723 
28  •675 
•490 


•013 
•373 


It  will  thus  be  seen  that  the  milk  has  thrown  up  caseine  with 
the  fat,  for  if  we  allow  that  ordinary  milk  contains  86-87  of 
water  and  3-98  per  cent,  of  caseine,  then  the  amount  of  caseine 
in  the  cream,  if  none  were  separated,  would  be — 

Water.    Caseine.    Water.  Caseine. 
86-87    :    3-98   :  28  675    =  1-31 

But  the  cream,  instead  of  containing  1-31  per  cent.,  actually 
contains  2-22  in  excess  of  this  quantity. 

The  amount  of  albumen  strictly  follows  the  caseine,  for  the 
ratio  of  caseine  to  albumen  in  milk  being  as  3-88  is  to  -77,  the 
theoretical  yield  of  albumen  in  this  particular  case  would  be  -66, 
the  amount  actually  found  being  about  •!  per  cent,  lower  than 
this  estimate. 
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If  the  composition  of  the  Devon  cream  shows  clearly  that 
there  is  some  considerable  separation  of  the  caseine,  the  milk- 
sugar  follows  very  closely  the  proportions  one  would  expect  to 
find  from  the  amount  of  water  ;  for,  taking  the  average  of  4-0  of 
milk-sugar  dissolved  in  86-87  of  water,  we  get  in  the  present 
case — 

Water.     Sugar.    Water.  Sugar. 
8687    :    4-0    :    28-7    =  I'S 

which  does  not  deviate  very  considerably  from  the  numbers 
actually  obtained — viz.,  1'723. 

Devon  cream  is  of  the  consistence  of  a  soft  paste,  and  is 
covei-ed  with  a  skin-like  layer  of  partially  dried  caseous  and 
fatty  matter.  This  cream  is  produced  by  keeping  the  milk 
in  large  pans,  at  a  gentle  heat,  for  many  hours.  The 
temperature  is  always  far  under  boiling  point,  yet  probably 
sufficiently  high  to  arrest  fermentation.  This  application  of  a 
moderate  heat  during  a  lengthened  time  causes  the  fat  to 
coalesce  and  rise  more  rapidly  than  the  ordinary  method.  Such 
cream  is  preserved  in  some  degree  from  the  infection  of  the 
lactic  ferment,  and  will  keep  perfectly  sweet  many  days,  even 
in  warm  weather,  provided  always  that  the  layer  on  the  top 
is  not  destroyed  nor  disturbed  ;  as  when  once  this  is  done, 
especially  if  the  top  portion  be  mixed  thoroughly  with  the  rest, 
lactic  fermentation  is  very  rapid. 

Ordinary,  or  raw  cream,  is  either  cream  raised  in  the  ordinary 
way,  that  is,  by  allowing  the  milk  to  rest  undisturbed  at  the 
ordinary  temperature ;  or  it  is  separated  by  more  modern  and 
scientific  processes,  such  as  the  action  of  cold  and  centrifugal 
machines.  Ci'eam,  as  thiis  produced,  is  a  thickish,  yellowish 
liquid,  containiug  a  variable  amount  of  milk-fat,  ranging  from 
12  to  50  per  cent.  As  a  rule  the  "  solids  not  fat "  hold  in  cream 
the  same  ratio  to  the  water  as  in  milk  j  and  similarly  the  ratios 
between  the  caseine,  albumen,  and  ash  are  but  little  disturbed, 
the  caseine,  as  already  remarked,  being  in  slight  excess. 

The  results  of  thirty-six  analyses  of  cream  by  various  chemists 
are  thus  summarised  by  Kbnig — 

Minimnm.    Maximum.  Mean. 


Milk-fat,    .       .       .  8-17  70-20  25-72 

Albuminoids,     .       .  2  20  7-40  3-70 

Sugar,       ...  -74  4-57  3-54 

Ash,  ....  -14  3-49  -63 

Water,      ,       .      .  22  83  83  23  66-41 


The  analysis  of  cream  presents  no  difficulty,  and  is  conducted 
on  precisely  the  same  principles  as  that  of  milk.    A  little  trouble 
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will  be  found  in  drying  the  cream  in  order  to  estimate  the  water, 
unless,  for  this  purpose,  quantities  so  small  as  a  gramme  are  taken: 
This,  spread  out  in  a  thin  layer  on  a  platinum  dish,  dries  easily 
enough  at  the  temperatui-e  of  100°.  Should  larger  quantities 
for  any  reason  be  taken,  it  will  then  be  necessary  to  treat  the 
cream  after  partial  drying  with  petroleiim  ;  extract  the  fat,  and 
then  dry  the  fat  and  the  "  solids  not  fat  "  separately — the  fat  at 
about  105°,  the  "solids  not  fat"  at  100°;  the  loss  is  then  considered 
as  water.  Cream  can  be  also  readily  dried  in  a  vacuum,  as  in 
the  process  given  at  p.  234. 

The  author  has  met  with  artificial  cream,  made  of  albumen  and 
ordinary  cream,  and  coloured  feebly  with  what  was  probably  the 
colouring-matter  of  the  carrot.  With  a  view  to  detect  this  fraud, 
it  will  be  advisable,  in  every  case,  to  estimate  the  albumen,  since 
the  albumen  of  milk  has  a  tolerably  definite  ratio  to  both  the 
caseine  and  the  water.  Thus,  in  the  analysis  of  milk  on  p.  278, 
before  the  cream  was  abstracted,  the  proportion  of  milk-fat  to 
water  was  as  -68  to  87"55,  or  "77  to  100  of  water ;  while,  in  the 
cream,  the  fat  was  in  the  proportion  of  '57  to  100  of  water  ;  in 
other  words,  the  values  in  each  case  fairly  agreed.  The  ratio  of 
the  albumen,  also,  to  the  caseine,  which  in  the  milk  before  skim- 
ming was  1  :  4,  in  the  cream  was  1  :5'8.  In  creams  made  up 
from  white  of  eggs,  &c.,  these  relations  by  no  means  hold  good  ; 
the  albumen  may  predominate  above  the  caseine,  or  be  nearly 
equal  to  it  in  quantity.  Great  caution  must,  however,  be  taken 
in  the  using  of  certificates  based  solely  on  high  albumen ;  for  it 
may  occasionally  be  a  natural  product,  although  it  may  well  be 
doubted  whether  a  cow  secreting  albumen  instead  of  caseine,  or 
in  fourfold  amount,  is  not  either  locally  or  generally  diseased. 


SKIM-MILK. 

§  174.  Skim-milk  is  simply  milk  which  has  been  jmrtially 
deprived  of  milk-fat.  The  processes  in  use  are  somewhat 
various.  The  old-fashioned  method  of  allowing  milk  to  stand, 
and  then  removing  the  cream  from  the  surface  by  skimming,  is 
giving  place,  in  large  establishments,  to  centrifugal  apparatus, 
by  which  a  far  more  perfect  separation  of  the  milk-fat  is  effected. 
The  composition  of  skim-milk  compared  with  the  milk  in  its 
original  state  is  well  seen  in  the  following  analyses  by  W. 
Fleischmann  ; — 
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Fresh  Milk. 


Cream. 


Skim-Milk. 


Fat,  . 
Caseine,  . 
Albumen,  . 
Sugar, 
Ash, 

Water,  , 
Total  solids, 
"  Solids  not  fat,' 


3-  64 
2-73 

•68 

4-  69 
•71 

87-55 
12-45 
8-81 


67-63 

1-  17 
•25 

2-  25 
•12 

28-58 
71-4:2 
3  79 


•46 
2^8S 

•49 
5-34 

•72 
9011 
9.89 
9  43 


Thus,  by  the  operation  the  proportion  of  "  solids  not  fat "  has 
been  somewhat  raised,  and  this  is  constantly  observed,  so  that 
the  Public  Analysts  Society's  limit  of  9  per  cent,  of  "solids  not 
fat "  is  a  trifle  too  low  for  skim-milk  ;  that  is,  a  sliglitly  watered 
milk,  when  skimmed  and  sold  as  skim-milk,  might  be  found  up 
to  the  standard. 


§  175.  A  variety  of  "  condensed  milks "  are  found  in  com- 
merce, of  which  the  majority  are  simply  milks  dried  in  vacuo  at 
a  moderate  temperature,  then  heated  up  to  100°,  in  order  to 
destroy  mould,  and  mixed  with  cane-sugar.  There  are  also 
concentrated  or  condensed  milks  without  any  addition  of  sugar 
or  other  substance.  The  analysis  of  condensed  milks  differs  in 
no  respect  from  that  of  ordinary  milk,  save  that  it  will  be  abso- 
lutely necessary  to  estimate  the  milk-sugar  by  copper,  and  then 
to  calculate  the  cane-sugar  either  by  difference  or  in  the  way 
given  at  p.  262.  Unless  the  cane-sugar  is  estimated,  it  is  not 
possible  to  calculate  the  amount  of  concentration  to  which  the 
or'iginal  milk  has  been  subjected.  This  calculation  is  made  by 
dividing  the  milk  "  solids  not  fat "  by  9,  or  the  amount  of 
"  solids  not  fat "  present  in  ordinary  milk.  It  is  better  to  take 
this  number  than  the  higher  estimate  of  9  2  or  9-3  •*  for,  in  the 
majority  of  instances,  it  is  certain  that  there  is  some  decomposi- 
tion and  loss  of  the  milk  solids  during  the  evaporation.  The  ash 
of  the  milk  should  also  be  carefully  examined  for  alkaline  car- 
bonates. If  these  are  present,  then  the  probability  is  that  an 
impure  ash-containing  cane-sugar  has  been  employed,  and  if  so, 
an  exact  conclusion  as  to  the  concentration  of  the  milk  cannot 
be  arrived  at.  The  following  table  gives  some  analyses  of  con- 
densed milks,  with  their  amount  of  concentration,  the  latter 
being  determined  by  dividing  the  "  solids  not  fat  "  column,  as 
just  stated,  by  9  : — 

•  In  the  original  analyses  by  Mr.  Hehner,  quoted  in  the  table,  he  appears 
to  have  divided;  by  the  higher  number— viz. ,  9-3. 


CONDENSED  MILKS. 
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It  is  obvious  that  by  the  use  of  the  last  column,  the  proper 
quantity  of  water  to  add  to  the  condensed  milk,  in  order  to  pro- 
duce ordinary  cows'  milk,  is  at  once  seen.  Thus  (taking  the  first 
milk  in  the  table),  since  a  sample  of  Anglo-Swiss  milk  was  con- 
centrated 2-96,  a  pound  of  such  milk  would,  by  the  addition  of 
water,  have  to  be  made  up  to  2'96,  or  very  nearly  3  pounds. 
It  will  be  a  question  for  the  analyst  to  consider  whether,  in 
view  of  the  misstatements  as  to  the  concentration  of  the  milk 
to  be  found  on  many  labelled  tins  of  condensed  milks,  such 
assertions  are  not  in  their  nature  misleading,  and  whether  they 
do  not,  therefore,  come  under  the  Sale  of  Food  and  Drugs  Act. 


KOUMISS. 

§  176.  Koumiss  is  an  alcoholic  drink  made  by  the  fermenta- 
tion of  milk  ;  it  is  prepared  by  the  nomad  population  of  Asia 
(especially  by  the  Tartars)  from  the  milk  of  the  mare  and 
that  of  the  camel :  it  is  also  manufactured  from  cows'  milk. 
The  preparation  of  koumiss  by  the  Tartars  is  very  simple  : 
ten  parts  of  fresh  warm  milk,  with  a  little  sugar,  are  added 
to  one  part  of  milk  which  is  already  sour — that  is,  which 
contains  lactic  ferment — and  the  whole  is  allowed  to  rest  for  two 
or  thi-ee  hours  with  repeated  stirring.  The  chemical  changes 
taking  place  seem  to  be  a  partial  decomposition  of  the  sugar  into 
lactic  acid,  the  development  of  carbon  dioxide  and  alcohol,  and 
possibly  certain  changes  in  the  albuminoids,  changing  them  partly 
into  peptones.  The  composition  of  koumiss,  since  it  may  be 
derived  from  such  different  sources,  is  variable.  A  few  analyses 
are  as  follows  : — 


Mean  of 

Koumiss  from 

Koumiss  from 

Koamiss 

ten  analyses. 

mares'  milk. 

cows'  milk. 

48  hours  old. 

Konig. 

W.FleiBchmann 

W.Fleisehmann 

J.  A.  Wanklyn. 

Water, 

87-88 

91-53 

88-93 

87^32 

Milk-sugar, 
Lactic  acid. 

3-76 

1-25 

311  ) 

6^60 

1-06 

1-01 

-79  1 

Caaeine, 

2-83 

1-91 

2-03 

2-84 

Milk-fat,  . 

•94 

1-27 

-85 

•68 

Alcohol, 

1-59 

1-85 

2-65 

1-00 

Carbonic  acid, 

•88 

•88 

1-03 

•90 

Ash,  . 

1-07 

•29 

•44 

•66 

In  the  koumiss  from  cows*  milk,  Fleisclimann  separated  •166 
per  cent,  of  glycerine. 
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LEGAL  CASES  EELATIVE  TO  MILK. 


§  177.  The  following  convictions  are  of  interest : — 

A ppeal  Case,  in  loliich  the  defence  was,  that  the  w.ilh  had  been  deprived  of  cream 
from  being  unintentionally  skimmed  by  serving  the  customers. 

This  case  occurred  at  the  Liverpool  Sessions,  and  is  fully  reported  in  the 
Analyst,  1877,  p.  214. 

Dr.  Campbell  Brown  proved  that  the  milk  was  deprived  of  its  cream,  the 
appellant  affirming  that  the  milk  had  been  put  into  an  eighteen-gallon  can, 
without  the  slightest  sophistication,  and  that  the  cream  had  been  abstracted 
by  serving  the  customers. 

The  Recorder  said,  Nobody  would  convince  him  that  a  milk-dealer  could 
not,  if  he  liked,  take  care  that  each  of  his  customers  should  get  a  fair  pro- 
portion of  cream.  .  .  .  He  was  perfectly  certain  that  the  milk  had  not 
been  skimmed,  but  that  it  had  been  weakened  by  the  process  of  selling  to 
the  earlier  customers.  He  was  certain  that  when  tlie  apjjellant  sold  the 
milk  to  the  earlier  customers,  he  knew  he  was  abstracting  the  cream  from  it — 
not  skimming  the  milk,  but  abstracting  the  cream,  although  with  no  fraudulent 
intention.  He  was  equally  certain,  too,  that  the  appellant  sold  the  residuum 
of  the  milk,  knowing  that  it  had  been  reduced  to  the  condition  in  which  it 
was  when  he  sold  it.  He  was  quite  satisfied,  therefore,  that  an  offence  had 
been  committed  against  the  Act  of  Parliament.  .  .  .  The  conviction 
was  confirmed. 

The  officials  at  Somerset  House  have,  in  an  appeal  case,  also  declared  their 
belief  in  the  fact  that  milk  on  being  served  from  a  can,  in  the  usual  way, 
may  have  the  top  layer  of  cream  entirely  abstracted.  The  writer  has 
always  had  doubts  about  this,  for  the  difference  of  specific  gravity  between 
the  cream  and  the  solution  of  the  other  milk  solids  is  not  great,  and  the 
mere  use  of  a  dipper  in  serving  the  milk  stirs  it  up  sufficiently  to  render 
this  removal  improbable.  We  have,  however,  at  least,  one  definite  experi- 
ment on  this  subject. 

Mr.  Carter  Bell  states,*  "One  day  in  July  I  bought  two  gallons  of  milk, 
and  analysed  it,  and  found  100  cc.  to  have  the  composition  of — 


The  milk  was  pnt  in  the  cellar,  and  at  every  hour  from  nine  in  the  morning 
till  twelve  o'clock  at  night,  one  pint  of  milk  was  taken  out  at  the  commence- 
ment of  each  hour,  and  a  portion  of  each  pint  was  analysed.  In  taking  out 
the  pint,  great  care  was  taken  not  to  stir  the  milk,  the  measure  was 
simply  dipped  into  the  milk  and  taken  out.  The  whole  experiment  was 
conducted  throughout  in  favour  of  the  milkman,  and  according  to  these 
experiments  it  is  more  advantageous  for  customers  to  be  late  than  early." 


Total  solids. 
Fat,  . 

"Solids  not  fat,". 


12.30 
2-70 
9-60 


Total  BoHds. 


Fat 


8  o'clock  in  the  morning, .       .       .  12  30 

9  „  „         .       .       .  12(58 

10  „    12-68 

11  „  „         .       .       .  12-70 

12  „  „         .       .       .  12-70 


2-  70 

3-  08 
308 
310 
310 


•  Analyst,  No.  21,  December,  1877,  p.  162. 
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Total  aoHds.  Fat 

1  p.m.,   12-24  2  64 

2  „   12-30  2-70 

3  „   12-28  2  68 

4    12-88  3-28 

5  ,   12-80  3-28 

6  „   12-40  2-80 

7  „   12-54  2-94 

8  „   12-30  2-70 

9  „   12  48  2-88 

10  „   12  88  3-28 

11  „   1260  3-00 

12  „   12-90  3-30 


Manufacture  of  New  Milk  from  Condensed. 

The  only  interest  of  the  following  case  lies  in  the  revelation  it  affords  of 
the  tricks  of  the  trade.  A  man  was  summoned  by  his  employer,  a  dairyman, 
for  adding  dirty  water  to  milk.  The  prisoner  did  not  deny  the  accusation, 
but  cross-examined  the  prosecutor,  to  show  that  the  latter  had  been 
in  the  hal)it  of  making  his  men,  when  the  milk  ran  short,  mix  with 
water  a  quantity  of  white  stuff  that  was  kept  in  the  cellar,  and  take  out 
to  the  customers  to  make  good  the  deficiency  in  the  supply  of  good  milk. 
The  process  he  called  "the  fake"  of  the  trade.  The  prosecutor  admitted 
that  he  kept  condensed  milk  to  make  up  the  supply  when  the  demand  was 
too  great,  the  "white  stuff"  referred  to  by  the  prisoner.* 

Novel  Defence. 

A  defence  was  set  up,  in  a  Swansea  case,  that  the  poverty  of  the  milk  was 
owing  to  its  having  been  taken  from  a  cow  a  few  hours  only  after  she  had 
been  milked  dry.  Mr.  Morgan  instituted  experiments  on  this  point  In 
eighteen  experiments  on  the  same  cow  the  following  results  were  noted  : — f 


Total  solids — 

Highest,   17-60 

Lowest   12-59 

Average,   13  -93 

Pat- 
Highest   8*60 

Lowest,  2-96 

Average,      ......  4-41 

Solids  not  fat — 

Highest   9-96 

Lowest,   9-00 

Average,   9 '52 


•  Analyst,  ii.,  1878,  184. 

t  Proceedings  of  Society  qf  Puhlie  Analysts,  i.,  1876,  p.  191. 
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Adulteration  of  Milk  with  Cane  Sugar  and  Water. 

At  the  Colomb  Petty  Sessions,  in  Jan.  7,  1879,  a  milk-dealer  was  enm- 
moned  for  the  above  offence.    The  composition  of  the  milk  was  : — 


Water   87-63 

Milkfat,   3  00 

Caseine,   2 '90 

Cane  sugar, .......  2 '80 

Milk-sugar,   3-10 

Ash,   -37 


The  summons  was  dismissed  on  the  ground  (which  has  since  become  unten- 
able) that  the  purchase  being  admittedly  for  analysis  and  not  for  consomp- 
tion,  the  purchaser  was  "not  prejudiced." — Analyst,  1879. 

Defence  that  Rain  had  increased  the  quantity  of  Water. 

In  December,  1880,  a  cowkeeper  of  Hull  was  summoned  for  selling  milk 
adulterated  with  10  per  cent,  of  water.  The  defendant  affirmed  that  whilst 
milking  the  cows  in  the  field  on  the  morning  in  question,  it  rained  very 
heavily,  and  he  thought  that  about  a  pint  of  water  fell  into  each  of  the 
milking  buckets.  The  court  did  not  consider  the  defence  valid,  and  con- 
victed and  fined  the  defendant. — Analyst,  1880. 

Conviction  for  selling  "Fore"  Milk. 

In  August,  1877,  a  dairy  proprietor  of  Dublin  was  prosecuted  for  selling 
milk  deprived  of  its  cream.  The  defendant  stated  that  it  was  "  fore"  milk, 
and  that  he  had  sold  the  "  strippings  "  as  cream.  The  magistrate  expressed 
his  opinion  that  the  milk  should  be  sold  whole, — i.e.,  with  both  "fore"  milk 
and  "  strippings,"  and  fined  the  defendant  £10.* 

Diseased  Milk. 

At  the  Woolwich  Police  Court,  in  December,  1875,  a  dairyman  was  con- 
victed and  fined  £20  for  selling  diseased  milk.  Mr.  Wigner,  the  analyst, 
proved  that  the  sample  had  a  peculiar  colour,  and  that  it  contained  no  less 
than  13  per  cent,  of  fat,  8  "2  "solids  not  fat,"  and  20  percent,  of  blood.  Other 
witnesses  proved  that  the  defendant  had  a  number  of  cows,  and  at  least  one 
of  them  was  suffering  from  foot-and-mouth  disease.  There  was  practically 
no  defence,  t 


BIBLIOGRAPHY. 

The  general  treatises  enuraerated  at  page  43,  all  contain  articles 
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•  Analyst,  i.,  1877,  p.  82. 
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BUTTER. 


§  178.  Constituents  of  Butter. — In  the  manufacture  of  butter 
the  cream  is  violently  agitated  in  a  churn  or  other  suitable  appa- 
ratus, and  in  this  manner  the  thin  membrane*  enclosing  the  fat 
globules  is  supposed  to  be  i-uptured.    The  free  fat  then  coalesces, 


entangling  with  it  some 


caserne  and  serum  ;  the  butter  is  well 


pressed  together  to  free  it  as  much  as  possible  from  moisture,  and 
salt  added  to  assist  its  preservation.  Butter,  therefore,  is  com- 
posed principally  of  milk-fat,  with  a  small  and  variable  quantity 
of  water,  caseine,  and  ash,  the  latter  consisting  chiefly,  but  not 
entirely,  of  the  salt  added. 

The  "fat"  of  butter  consists  of  a  mixture  of  the  glycerides  of 
the  fatty  acids — palmitic,  stearic,  and  oleic — not  soluble  in  water; 
and  also  of  the  glycei'ides  of  certain  soluble  and  volatile  fatty 
acids,  principally  butyric,  with  small  quantities  of  caproic,  cap- 
rylic, and  capric  acids.  It  is  the  association  of  about  7*8  per  cent, 
of  the  triglycerides  of  these  volatile  acids  with  the  glycerides  of 
the  insoluble  acids,  which  gives  to  butter  fat  its  peculiar  and 
distinctive  characters. 

The  different  constituents,  as  well  as  the  physical  character- 
istics, of  butter  or  milk-fat  have  been  already  described  at  p.  20-3 
et  seq. 

The  general  composition  of  butter  fat  appears  to  be  as  fol- 
lows : — 


Glycerides  Equal  to  Fatty  Acids. 


Olein, 

Stearin  and 
Falmitio, 


Butyrin,  . 
Caproin, 
Caprylin,  and 
Rutin,  . 


42-21 
50-00 

7-69 
•10 


Oleic  Acid, 
Stearic  and  Pal- 
mitic Acids,  . 


=    Butyric  Acid,  . 

(  Caproic,  . 
=  <  Caprylic  and  Rutic 

(    Acids,  . 


40-40 
47-50 

87-90  Total  insoluble  solids. 
6-72 


100  00  = 


94-62  Total  acids,  calcu- 
lating soluble  as 
butyric. 

Pure,  dry  butter  fat,  melted  at  a  lieat  not  exceeding  100°  Fahr., 
has  at  that  temperature  a  specific  gravity  ranging  from  -91200 
to  -91400 ;  its  fusing  ppint,  taken  in  the  manner  to  be  described, 
ranges  from  33°-9  to  36° -5  C. 

*  Reasons  for  doubts  as  to  the  existence  of  this  membrane  are  given  at 
page  202. 
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The  relative  proportions  of  fat,  caseine,  and  salt,  in  genuine 
butters,  may  be  gathered  from  the  following  table,  in  which  it  is 
seen  that  the  butter  fat  ranges  from  about  82  to  nearly  87 '5,  the 
average  given  by  Angell  and  Hehner  being  85  45  per  cent.: — 


Normandy 
Butter. 

Angell  unci 
Hehner. 

A  Sample 
of  Fr-sh 
Butter. 

Angell  and 
Hehner. 

Batter 
from  Isle 
of  Wight. 
Angell  and 
Hehner. 

Butter 
from 
Guildford. 
Angell  and 
Hehner. 

Butter 
from  Win- 
chester. 
Angell  and 
Hehner. 

Mean  of 
Eighty- 
nine 
Analyses. 
KBnig. 

Fat,  .... 
Curd, .... 
Salt  (Ash),  .  . 
Water,    .    .  . 
Milk-sugar, .  . 

82-643 
5-1.37 
2-iil5 
9-305 

83-871 
2-721 
0  424 

12-984 

84-740 
3-462 
2-089 
9-709 

85-480 
2-789 
3151 
8-580 

87-2-23 
2  054 
2-108 
8-615 

8311 
•86 
119 

14-14 
•70 

OLEO-MARGARINE-BUTTERINE. 

§  179.  Oleo-M argarine,  Dutch  butter,  butterine,  edible  fat, 
and  similar  appellations,  all  denote  different  varieties  of  a  manu- 
factured article  made  expressly  to  imitate  butter.*  It  is  an  im- 
portant industry  in  the  States,  and  is  also  largely  produced  in 
Holland  (hence  the  name  of  Dutch  butter)  and  in  Belgium.  As 
manufactured  in  Chicago,  it  would  appear  to  be,  at  all  events,  a 
cleanly  article.  Animal  life  is  plentiful  in  the  States  ;  American 
technical  operations  are  on  a  gigantic  scale,  and  too  much  capital 
is  involved  in  the  matter  to  allow  of  the  use  of  any  process 
likely  to  disgust  the  consumers.  The  chief  constituent  used  is 
beef-fat,  which  consists  for  the  most  part  of  stearin,  margarine, 
(so-called),  and  oleiu.  The  olein  and  margai-ine  melt  at  a  much 
lower  temperature  than  the  stearin.  Mutton-fat  contains  more 
stearin  than  beef-fat ;  hence,  in  summei',  the  softness  of  beef- 
dripping  as  compared  with  the  solidity  of  miitton-fat.  This  is 
obviously  the  reason  why  the  manufacturer  prefers  beef-fat.  The 
process  of  manufactui'e  is  briefly  as  follows  : — The  beef-fat,  freed 
first  as  much  as  possible  from  fibre,  passes  in  a  very  finely 
divided  state  from  a  sort  of  mincing-machine,  technically  called  a 
"  hasher,"  to  large  tanks,  where  it  is  melted  by  means  of  water- 
jackets  applied  to  the  tanks,  and  heated  to  a  temperature  never 

*  MGge  Mouries,  a  chemist,  appears  to  have  been  the  first  who  proposed 
the  manufacture  of  artificial  butter.  It  came  first  into  commerce  al)out  the 
year  1872. 
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allowed  to  exceed  39°.  The  result  of  this  process  is,  that  the 
fat  melts  to  a  clear  yellow  oil,  the  water  and  debris  sinking  to  the 
bottom,  and  a  thin  scum  of  impurities  rising  to  the  surface. 
The  latter  is  skimmed  off,  and  the  yellow  oil  run  into  wooden 
cars,  in  which  the  stearin,  after  a  little  time,  begins  to  deposit 
in  a  more  or  less  crystalline  or  granular  condition  ;  the  refined 
fat  is  then  put  in  a  press-room,  and  kept  at  a  temperature  of  from 
26°-6  to  32'-2.  The  oleo-mai'garine  is  filtered  through  cotton 
cloths,  and  ultimately  pressed  ;  the  result  of  which  is,  that  the 
stearin  is  left  behind  as  a  white  cake,  and  is  ultimately  disposed 
of  to  the  candle-maker.  The  oleo-margarine,  at  this  stage,  ia 
quite  tasteless,  and  has  no  flavour  of  butter.  This  flavour 
is  given  by  churning  it  with  milk ;  lastly,  the  product  is 
coloured  with  annatto,  and  rolled  with  ice,  after  which  it  is 
either  made  up  into  pounds,  or  packed  into  kegs  for  export. 
Arrived  in  this  country,  it  is  either  sold  honestly  as  "  butterine," 
at  the  price  of  about  a  shilling  per  pound  ;  fraudulently,  at  a 
higher  price,  as  butter  ;  or  it  is  used  as  an  adulterant  of  butter. 
The  chemical  proportions  of  the  artificial  butter  vary  according 
to  the  fats  used  in  the  manufacture  and  the  details  of  the  process 
employed  ;  but  they  all  agree  in  this,  that  when  the  butter  is 
saponified  and  the  acids  set  free,  there  is  a  great  deficiency  of 
soluble  fatty  acids,  as  compared  with  those  of  true  butter-fat. 

The  average  percentage  composition  of  dry  butterine -fat  is  as 
follows  : — 


Paltnitin,   22-3 

Stearin   46  9 

Oleiu   30-4 

Butyrin,  Caproin,  and  Caprylin,    .       .  '4 

While  the  proximate  analysis  of  commercial  butterine  is  as  fol- 
lows : — 

Water   12-01 

Palmitin   18-31 

Stearin,   38-50 

Oleio   24-95 

Butyrin,  Caproin,  and  Caprylin,     .       .  "26 

Caseine,         ......  '74 

Salts,   5-22 


ANALYSIS  AND  ADULTERATION  OF  BUTTER, 

§  180.  The  only  common  adulterations  of  butter  are  the  sub- 
stitution or  admixture  of  fats  other  tlian  butter,  and  of  water, 
tho  latter  being  either  left  in  the  butter  in  undue  proportion 
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through  faulty  manufacture,  or  fraudulently  added.  The  addition 
of  mineral  substances,  flour,  and  other  articles  enumerated  by 
diff"erent  -writers,  is  at  the  present  day  very  rare.  The  analysis 
of  butter  naturally  divides  itself  into — (1.)  The  general  examina- 
tion and  analysis  ;  and,  (2. )  The  investigation  of  the  fat. 

1.  Tlie  General  Hxamination  and  Analysis  of  Butter. — Tlie 
colour,  taste,  and  odour  of  the  sample  should,  of  course,  be 
noted.  It  will  also  be  fovind  useful  to  examine  it  in  thin  layers 
microscopically.  If  it  has  been  mixed  by  fusion  with  any  fat, 
and  cooled  slowly,  crystals  may  be  discovered.  The  best  way  to 
seek  these  crystals  is  to  place  a  minute  portion  of  the  fat  on  a 
slide,  add  a  drop  of  castor  or  olive  oil,  press  the  thin  disc  of 
covering  glass  so  as  to  get  a  very  thin  layer,  and  examine  by 
polarised  light.  Under  such  circumstances,  if  crystals  should  be 
present,  there  will  be  seen  dark  crosses  similar  to  those  in 
potato  starch.  Such  crystals  are  suspicious,  because  they  show 
that  the  butter  has  been  melted ;  and  it  certainly  must  be  a  most 
unusual  process  to  melt  butter  save  for  the  purpose  of  mixing 
with  other  fats.  The  rare  adulteration  of  any  other  substance, 
such  as  starches,  &c.,  by  mechanical  admixture,  cannot  fail  to  be 
detected  by  the  microscope. 

The  Froximate  Analysis  of  Butter — that  is,  the  separation  of 
butter  into  mineral  matters,  caseine,  butter-fat,  and  water,  is 
very  readily  performed. 

10  to  20  grms.  of  the  butter  are  weighed  into  a  counterpoised 
porcelain  dish,  and  melted  over  a  low  gas  flame,  keeping  the  butter 
at  any  temperature  between  105°  and  110°,  with  constant  stir- 
ring, imtil  all  eff'ervescence  has  ceased.  (By  using  a  thermometer 
as  a  stirrer  this  is  easily  eff'ected.)  The  weighing  of  the  dish  and 
its  contents  when  cool,  subtracted  from  the  first  weight,  gives 
the  loss  equalling  the  water,  and  it  may  be  worked  into  per- 
centage. Keeping  the  bvitter  for  a  considerable  time  at  100°,  or 
above,  must  be  avoided,  for  it  increases  the  weight.  The  follow- 
ing is  an  experiment  by  Dr.  Milne : — 

Pure  butter-fat  weighed,      .       .      .  30'1S40  grms. 
, ,          after  half  an  hour  heatiug 

in  the  water-bath,     .  30-1832  „ 

„          after  two  hours,    .       .  30'1864  ,, 

„          after  one  hoiu- at  110°  .  30-1984  „ 
,,          after   one   hour  rising 

to  116°,     .      .       .  30-2036  „ 

The  above  method  has  the  mei'it  of  expedition,  and  it  is 
tolerably  accurate ;  but  the  water  may  also  be  estimated  by 
placing  about  1  grm.  of  the  butter  fat  in  a  large  platinum  dish,  so 
that  the  fat  forms  a  thin  layer,  and  then  exposing  it  to  the  heat 
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of  the  water-batli  until  it  ceases  to  lose  weight.  The  fat  is  next 
melted  from  the  curd  and  salt  (both  of  which  settle  to  the  bottom), 
and  is  poured  off  as  far  as  possible,  the  residue  being  thoroughly- 
exhausted  by  boiling  benzine,  ether,  or  petroleum,  which  can  be 
effected,  if  care  is  taken,  in  the  same  dish  without  transference 
to  a  filter.  On  nov?-  weighing,  the  loss  eqiials  the  fat.  Lastly, 
the  curd  is  burnt  away  at  a  low  red  heat,  and  the  ash  weighed. 

The  general  analysis  finished,  it  remains  to  consider  the 
results  : — 

(1.)  Fat. — The  fat  should  not  be  below  80  ^Jer  cent.;  any 
figure  under  this  should  justly  be  considered  evidence  of  adul- 
tei'ation. 

(2.)  Water. — There  is  no  standard  followed  or  fixed  with 
regard  to  the  percentage  of  water.  In  those  cases  in  which  the 
fat  is  below  80  per  cent.,  the  deficiency  of  fat  is  risually  from 
excess  of  water  ;  and  seeing  the  variable  quantity  of  water  found 
in  butter,  it  is  wisest  not  to  certify  on  the  ground  of  water  alone, 
unless  there  is  sufiicient  to  lower  the  percentage  of  fat  below  80 
per  cent. 

(3.)  Caseine. — The  average  quantity  of  caseine  is  2-5  per  cent., 
hnt  it  may  reach  6  to  7  per  cent.,  and  the  higher  the  percentage 
of  caseine  the  less  likely  is  a  butter  to  keep,  although  this  usxially 
is  evidence  of  error  in  the  manufacture  rather  than  of  adul- 
teration. 

(4.)  The  Ash. — This  should  consist  of  common  salt  and  phos- 
phate of  lime.  Butter  is  said  to  be  adulterated  occasionally  with 
sodium  silicate,  and  therefore  the  ash  should  be  fused  with  sodic 
carbonate,  dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  dissolved  in  water.  Any  residue  will  consist  of  silica.  If 
other  mineral  adulteration  is  suspected,  a  complete  analysis  of 
the  ash  may  be  necessary  (see  p.  100).  There  is  no  definite 
standard  fixed  with  regard  to  the  weight  of  tlie  ash,  but  most 
chemists  agree  that  it  should  not  exceed  8  per  cent. 

The  following  are  a  few  examples  of  adulterated  butters,  the 
adulteration  being  detected  simjjly  from  the  proximate  analysis : — 


Devon  Butter. 

Devon  Butter. 

A  Samplo  of 

]5iittor. 
(AngoU  ami 

Holmor.) 

A  Samplo  of 

r.uUor. 
(Aiigoll  and 
Hohner.) 

Fat, 

78-50 

7G-34 

G7-580 

47-019 

Caseine,  . 

1-72 

(i-()0 

G-880 

7-8.'i4 

Water,   .  , 

17-10 

1.T-3G 

2.3 -981 

42-358 

Salt, 

2 -08 

3-70 

1-559 

2-G89 

20 
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2.  Examination  and  Analysis  of  the  Fat. — By  far  the  most 
important  process  in  butter  analysis  is  the  examination  of  the 
fat.  The  data  by  which  the  analyst  judges  whether  a  butter 
consists  of  foreign  fats  entirely  or  partly,  are  derived  from — 
(a.)  The  pattern  of  the  melted  fat  when  dropped  on  water;  (6.) 
certain  simple  tests ;  (c.)  the  melting-point ;  (d.)  the  relative 
proportion  of  soluble  and  insoluble  fatty  acids.  For  many  of 
these  tests,  the  first  requisite  is  a  pure  dry  fat.  This  is  easily 
accomplished  by  melting  a  sufficient  quantity  of  the  butter  over 
the  water-bath.  In  a  short  time  the  water,  curd,  and  salt,  sink 
to  the  bottom,  and  the  nearly  pure  fat  can  be  poured  off.  Should 
it  not  be  clear,  it  must  be  filtered  through  filtering  paper  or 
glass-wool.  This  operation  will  necessitate  the  filter  being  kept 
warm  in  a  suitable  steam-jacket. 

§  181.  {a.)  The  Author's  Pattern  Process. — In  the  winter  of  1880 
the  author  made  various  experiments  on  butter-fat,  and  dis- 
covered the  curious  fact  that  all  solid  fats,  when  melted  and 
dropped  on  to  water,  the  temperature  of  which  is  low  enough 
to  ens\ire  their  solidification,  set  in  a  definite  form  or  pattern. 
To  attain  success,  it  is  necessary  that  the  fat  as  well  as  the  water 
be  of  a  certain  temperature  ;  but  with  many  of  the  glycerides 
and  mixtures  of  glycerides,  such,  for  example,  as  butter,  butter- 
ine,  dripping,  &c.,  the  range  is  very  wdde ;  so  that  if  the  fat  is 
perfectly  fiuid,  and  within  one  or  two  degrees  of  100°,  the  water 
ranging  from  0°  to  15°,  a  pattern  more  or  less  perfect  is  obtainable. 

Each  fat  appears  to  have  its  own  distinctive  pattern,  and  can 
be  identified  by  its  pattern  alone.  On  the  other  hand,  each  fat 
has  a  variety  of  patterns,  for  every  alteration  of  the  expeii- 
mental  conditions  modifies  more  or  less  the  form  of  congealed 
drops.  If,  however,  the  conditions  under  which  each  experi- 
ment is  performed  are  precisely  similar,  then  there  is  no  difficulty 
in  obtaining  the  same  form,  or  at  least  very  similar  forms,  any 
number  of  times. 

The  chief  modifying  conditions  are  the  difference  of  tempei'a- 
ture  between  the  fluid  fat  and  the  water,  and  the  height  from 
which  the  fat  falls.  I  have  found  that  from  3  to  4  inches  is  the 
best  height,  and  that  a  greater  fall  than  this  tends  to  spread  the 
films  out,  and  renders  all  patterns  more  or  less  similai'. 

Eeferrins:  to  individual  forms — 

Butter. — The  experiments  were  made  on  several  samples  of 
butter,  whose  genuineness  had  been  proved  by  analysis.  The 
fat  was  melted  and  filtered,  and  kept  in  an  air-bath  at  tempera- 
tures of  fi'om  40°  to  80°,  and  then  drojiped  from  a  clean  warm 
glass  I'od  on  to  water  of  from  10°  to  15°.  The  most  common  and 
distinctive  form  attained  in  this  way  was  that  of  a  beautiful 
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foliated  film,  not  unlike  the  leaf  of  a  pelargonium.  The  film  may 
be  transferred  direct  to  the  lithographic  stone,  and  one  may  thus 
have  a  direct  impression  and  a  permanent  record.  The  details  of 
delicate  veining  are,  as  might  be  expected,  lost.  The  best  pattern 
temperature  for  butter  is  55°,  the  water  being  at  10°  ;  but  regular 
forms  may  be  obtained  up  to  100°.  At  higher  temperatures  success 
is  rare.  I  found  that  although  butter  of  40°  to  50°  when  dropped 
on  to  water  of  10°  sets  in  a  I'adiated  star  form,  yet  when  dropped 
on  to  water  of  8°,  although  momentarily  there  was  a  beautiful 
complicated  foliation  with  many  radiating  wings,  these  wings 
suddenly  mutually  repelled  each  other,  and  the  pattern  fell,  or 
rather  flew  to  pieces.  Glass  plates  were  prepared  chemically 
clean  by  first  treating  with  alcoholic  soda  and  then  washing 
them  with  ether ;  the  plate  was  next  dipped  into  water,  and 
thus  a  thin  water  film  obtained.  On  this  perfectly  smooth  wet 
surface,  butter  and  other  fats  were  dropped.  In  the  case  of 
butter,  the  pattern  lost  much  of  its  beauty,  but  was  always  very 
regular  in  outline.  Butter  films  are  of  extreme  tenuity,  and 
although  several  attempts  to  photograph  them  were  made,  the 
light  passed  through  almost  as  perfectly  as  through  glass,  there- 
fore the  photographic  shadows  were  too  indistinct  to  make  any 
use  of. 

Butterine. — The  various  mixtures  of  animal  fats  in  the  market 
known  as  butterine,  or  artificial  butter,  give  by  no  means  iden- 
tical patterns,  for  they  vary  much  in  composition  ;  but  in  each 
case  the  form  can  be  distinguished  from  the  butter  films,  and 
from  the  pattern  alone  it  is  always  possible,  and  often  very  easy, 
to  say  whether  a  given  film  is  butter  or  not.  The  best  method 
to  distinguish  the  artificial  from  the  genuine  product,  is  to  take 
pure  butter-fat  and  the  suspected  sample,  and  after  melting 
them  each  at  the  same  temperature,  to  drop  them  on  to  the  same 
glass  plate  side  by  side  :  the  butterine  pattern  is  full  of  minute 
crystals  ;  the  butter  pattern  has  no  crystals.  The  pattei-n  of 
one  sample  of  butterine  was  found  to  be  identical  witli  that  of 
tallow — little  white  dots  containing  bunches  of  crystals  (see  the 
photograph,  No.  1,  Tallov)). 

Tallov). — One  form  of  tallow  pattern  has  just  been  alluded  to. 
It  is  the  most  common  form  when  melted  tallow  falls  on  water. 
This  fat  of  high  melting  point  is  a  good  illusti-ation  of  the  many 
forms  which  may  be  produced  at  different  temperatures.  Thus, 
at  0°  the  fat  sets  on  water  in  circular  indistinct  drops,  but 
when  more  fluid,  and  dropped  on  glass,  its  pattern  is  distinct 
and  crystalline. 

Paraffin,  giving  no  pattern  by  itself,  when  mixed  with  other 
■animal  fats,  as  may  be  expected,  profoundly  modifies  the  film. 
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Equal  parts  of  paraffin  and  stearic  acid,  for  example,  give  by- 
suitable  treatment  a  pattern  in  the  shape  of  a  broad  cross. 
With  reference  to  the  fat  patterns  of  spermaceti,  stearic  acid,  and 
generally  fats  of  high  melting  points,  it  need  scarcely  be  said  that 
it  is  impossible  to  obtain  them  by  dropping  the  fat  on  to  cold  water. 
Such  a  proceeding  only  gives  a  shapeless  mass.  To  be  successful 
it  is  absolutely  essential  that  the  water  of  the  glass  plate  should 
be  warm.  For  example,  spermaceti  gives  no  definite  form  when 
melted  at  100°,  and  dropped  on  to  cold  water,  or  even  water  of 
50° ;  the  water  must  be  heated  iip  to  80°  or  90°  for  a  good  result 
to  be  obtained.  Very  beautiful  lace  patterns  are  produced  by 
wetting  a  warm  glass  plate  with  absolute  alcohol,  and  dropping 
tallow,  stearic  acid,  or  spermaceti  upon  it;  all  the  finer  portions 
of  the  film  are  at  once  dissolved,  while  the  veins  and  denser  por- 
tions remain,  reminding  one  of  skeleton  leaves  (see  photograph  No. 
2,  Spermaceti);  the  thin  films  of  butterine,  dripping,  and  similar 
substances  will  not  stand  this  treatment,  but  are  at  once  dissolved. 

§  182.  Cohesion  Figures. — Tomlinson  [Phil.  Mag.,  1861  and 
1862),  some  years  ago,  di-ew  attention  to  the  peculiar  cohesion 
figures  of  various  liquids  and  oils  ;  but  the  patterns  of  the  solid 
fats,  when  melted  and  dropped  on  to  warm  water,  do  not  appear 
to  have  received  any  consideration.  The  author  finds,  how- 
ever, that  each  solid  fat  behaves  difli'erently,  and  may  also 
in  this  way  be  identified,  and  any  admixture  generally  be 
correctly  surmised.  Should  the  water  be  at  such  a  tempera- 
ture as  to  keep  the  fat  very  fluid,  it  rapidly  spreads  over 
the  surface  of  the  water,  breaks  iip  into  lacunae,  shows  a 
beautiful  iridescence,  and  the  phenomena  are  over  so  rapidly 
as  to  leave  but  little  impression  on  the  memory.  The  author, 
therefore,  prefers  to  operate  at  temperatures  just  sufficient  to 
keep  the  fat  a  little  fluid,  so  that  the  action  takes  place  in  a 
slow,  regular,  and  methodical  manner.  As  an  example,  one 
experiment  may  be  detailed.  Filtered  pure  butter-fat,  butter 
adulterated  with  5,  and  with  10,  per  cent,  of  lard,  and  lai-d 
itself,  were  all  put  in  the  same  air-bath  and  bi'ought  to  55°-5. 
A  large  flat  dish  made  chemically  clean  Avas  filled  with  water  of 
44°,  and  a  single  drop  of  each  of  the  four  fats  was  dropped 
simultaneously  on  the  surfiice  of  the  water,  and  their  behaviour 
noted.  The  butter-drop  immediately  spread  itself  out  into  a 
thin  film,  became  agitated  by  a  rapid  circular  motion,  and  threw 
off' minute  droplets  of  butter-fiit.  The  motion  gradually  ceased, 
the  drop  extended  itself,  became  irregular  in  outline,  crenated 
at  the  edges,  and  then  contraction  took  place.  At  this  stage 
its  appcai-ance  was  that  of  an  irregular  square,  surrounded  by 
small  cii'cles  at  distances  from  the  central  sqiiare  and  from  each 
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other  of  some  three  diameters.  Both  butter-drops  containing 
5  and  10  per  cent,  of  lard  respectively,  flattened  out  with 
extreme  slowness,  were  agitated  by  a  gyi-atory  motion,  threw 
off  no  droplets  of  fat,  and  ultimately  also  broke  up  with  extreme 
slowness.  It  was  noticed  that  the  5  per  cent,  drop  was  thinner 
and  larger  than  the  10  per  cent.  The  drop  of  lard  underwent 
no  alteration,  remaining  circular  and  quiescent  up  to  the  moment 
of  solidification. 

(6.)  Other  Simple  Tests. — The  processes  just  described  require 
little  apparatus  and  skill,  and  still  less  is  needed  in  the  follow- 
ing test  proposed  by  Hager  *  : — A  bit  of  wick  is  inserted  into 
melted  butter,  lighted,  and  then  blown  out.  If  the  butter  is 
pure  there  is  little  odour,  but  if  artificial  a  strong  tallow-like 
smell  is  at  once  perceived. 

A  test  similarly  dependent  upon  odour,  is  to  add  a  small 
quantity  of  the  butter  to  a  mixture  composed  of  1  volume  of 
pure  concentrated  sulphuric  acid,  and  2  volumes  of  9.5'98  per 
cent,  alcohol,  and  to  distil ;  the  first  two  or  three  cc.'s  are  col- 
lected and  rubbed  in  the  hands ;  the  odour  is  buttery  or 
tallowy  according  to  the  purity  of  the  sample. 

Donny  has  also  recommended  an  easy  test  :  a  little  of  the 
sample  is  heated  in  a  test-tube ;  pure  butter  froths  or  foams 
much,  and  becomes  brown  in  colour.  If  it  is  composed  of  foreign 
fats,  there  is  but  little  foaming  ;  the  liquid  may,  however, 
bump  violently,  and  masses  of  caseine  become  brown,  while  the 
fat  itself  remains  with  but  little  colour. 

W.  G.  Crook  t  has  experimented  upon  the  solvent  action  of 
carbolic  acid  on  butter  as  compared  with  other  fats.  1  grm.  of 
purified  biitter-fat  is  put  in  a  test-tube  and  liquefied,  2\  cc. 
of  carbolic  acid  solution  (10  acid,  1  watei-)  are  added,  after 
which  the  mixture  is  shaken,  and  then  put  on  one  side  for  a 
little  time.  If  the  sample  is  pure  butter,  it  wholly  dissolves  ;  if 
beef,  mutton,  or  pork-fat  is  present,  the  mixture  will  resolve 
itself  into  two  solutions  of  diffei-ent  densities,  with  a  clear  line 
of  demarcation.  If  beef-fiit,  the  lower  layer  will  occupy  about 
49-7  per  cent,  of  the  total  volume  ;  lard,  49 -G  ;  and  mutton, 
44-0.  W.  Lenz  has  also  tried  this  jirocess,  and  generally  con- 
firms the  results  obtained  by  Mr.  Crook.:|: 

*  H.  Hagcr :  Pharm.  Central.  JIalle,  xviij.  413. 
t  Anab/H,  1879,  1111. 

X  Zdlxchrijt  filr  Anabjt.  Chemlc,  1880,  ,370.  C.  Huason  [Compt.  Bend, 
85,  718)  has  proposed  an  ancient  test  depending  ou  the  dilTcrcut  solvent  pro- 
perties of  alcohol  for  margarine,  &c. ;  and  F.  Filsinger  has  a  very  similar 
method  (Flinrm.  Cfiilral.  IluMe,  xix.,  42).  I'joth  these  tests,  however,  are 
of  little  practical  value  among  such  a  number  of  jiositive  reactions. 
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§  183.  (c.)  The  Melting-Point. — Various  methods  have  been  pro- 
posed for  the  determination  of  the  melting-points  of  fats.  The 
one  used  by  most  analysts  is  to  take  the  melting-point  in  a  fine 
tube.  A  piece  of  quill-tubing  is  drawn  out,  so  as  to  make  a  tube 
about  the  diameter  of  a  knitting  needle,  and  from  two  to  three 
inches  in  length.  The  fat  is  now  drawn  up  to  the  extent  of  about 
an  inch,  and  permitted  to  solidify.  The  tube  thiis  charged  is 
placed  in  some  cold  water  in  a  small  beaker,  which  is  "  nested  " 
in  a  second  beaker,  a  little  water  being  between  the  two,  the 
inner  beaker  carrying  also  a  thermometer.  Heat  is  now  applied, 
and  the  moment  the  fat  runs  up  the  tube  the  temperature  is 
noted.  A  modification  of  this  process*  is  to  take  a  short  capil- 
lary tube,  blow  a  bulb  on  it,  and  while  the  bulb  is  still  hot,  plunge 
the  open  end  into  the  melted  fat ;  let  it  run  up  a  short  distance, 
and  then  solidify  the  fat  by  the  application  of  cold.  To  take  an 
observation,  the  tubes  are  placed  in  water,  so  that  the  bulb  is 
uppermost ;  on  melting,  the  fat  runs  up  into  the  semi- vacuous 
bulb,  and  this  rise  is  somewhat  more  easily  observed  than  in  the 
simpler  process. 

Another  method  is  the  employment  of  a  little  bulb  weighted 
with  mercury,  so  as  to  weigh  from  3  to  4  grms.  ;  the  bulb  rests 
on  the  surface  of  the  fat  in  a  test-tube,  which  is  immersed  in  a 
beaker  of  water  provided  with  a  thermometer,  and  the  moment 
the  bulb  sinks  is  noted.  A  modification  of  this  is  the  employ- 
ment of  a  light  float  sunk  to  the  bottom  of  the  fat,  and  retained 
there  until  it  is  solid  ;  on  now  applying  heat,  the  float  rises  at  a 
certain  temperature,  which  is  taken  as  the  melting-point.  The 
melting-point  of  various  fats  is  as  follows  : — 

Butterine,   31° -30. 

Cocoa  Butter,  .... 

Butter  (caveracre),       .       .       .  35°  SC. 

Beef-dripping,     ....  43° -SC. 

Veal -dripping,    ....  47°7C. 

Mixed,   42° -eC. 

Lard,  from   42°C.  to  45°C. 

Ox-fat,  from  about     .       .       .  48  °C.  to  53° -OC. 

Mutton-fat,  from  aboiit      .       .  50°C.  to  51°-6C. 

Tallow   53° -30. 

It  hence  follows  that  a  low  melting-point  indicates  the  probable 
presence  of  butterine,  especially  that  form  which  is  partly  manu- 
factured from  a  conci-ete  oil,  obtained  from  the  seeds  of  Garcinia 
Indica,  and  is  known  under  the  name  of  Mansosteen  oil,  or 
kokum  butter.  A  higher  melting-point  indicates^  as  a  probable 
adulterant,  dripping,  lard,  or  other  animal  fat. 

*  0.  Kelluer,  ZeitscJ.ri/t  fur  Anal  Clemie,  xx.  1. 
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Specific  Gravity. — The  metliod  of  obtaining  the  specific  gi'avity 
of  butter-fat  is  to  fill  a  counterpoised  specific  gravity  bottle, 
I^rovided  with  a  thermometer  stopper,  of  50  to  100  grms.  cai^acity, 
Avith  water  of  35°  (95°  Fahr.),  and  immei'se  it  in  a  beaker  of 
water  of  about  43°  (109°"4  Fahr.)  By  thus  heating  the  specific 
gravity  bottle  by  a  liquid  which  is  falling  in  temperature,  the 
water  in  it  can  be  brought  exactly  to  37°*7  (100°Fahr.),  at  which 
temperature  the  bottle  is  taken  out,  slightly  cooled  and  weighed  ; 
and  in  this  manner  the  weight  of  that  particular  bulk  of  water 
at  3 7° '7  (100°  Fahr.)  is  obtained,  and  this  value  used  for  the  sub- 
sequent operations.  To  take  the  specific  gi-avity  of  the  fat,  the 
pure  filtered  fat,  at  35°  (95°  Fahr.),  is  poured  into  the  clean  dry 
bottle,  and  the  exact  process  just  detailed  followed. 

The  specific  gi'avity,  as  first  pointed  out  by  Mr.  Bell,  of  Somer- 
set House,  has  a  direct  relation  or  correspondence  to  the  per- 
centage of  insoluble  acids,  a  fact,  it  must  be  remembered,  only 
applicable  to  pure  unadulterated  butter-fat.    Thus — 


Actual  Insoluble 
Specific  Gravity  at  Acids  Found. 


37°-7  (100"F.) 

Per  cent. 

•91382 

87  ^47 

•91346 

87-89 

•91337 

87-98 

•91290 

88-48 

•91286 

88-52 

•91276 

88-62 

•91258 

88-80 

•91246 

89-00* 

The  fats  used  for  the  adulteration  of  butter  are  of  low  density. 
Vegetable  butterine  has  a  specific  gravity  -90294;  dripping, 
•90659  ;  so  that  a  low  specific  gravity — that  is,  anything  below 
•91101 — is  strongly  indicative  of  foreign  fat. 

Instead  of  the  above  method,  which  requires  a  considerable 
quantity  of  material,  the  density  may  be  ajiproximately  taken  by 
the  well-known  specific  gravity  bubbles,  a  process  which  we  owe 
to  Mr.  Wigner.  If  the  butter-fat  be  placed  in  a  wide  test-tube, 
and  a  bubble  of  the  specific  gravity,  say  of  -890,  be  kept  just 
beneath  the  surface  by  a  thermometer  passing  through  a  cork  in 
the  mouth  of  the  tube,  at  a  certain  temperature  the  bubble  will 
slowly  sink  to  the  bottom.  In  butters  of  -911  density,  above 
whicli  a  sample  may  be  passed,  beads  will  sink  as  follows  : — 

Specific  gravity  of  beads,     ^8890  "8896 
Temperature,        .       ,    62° -7  (145° P.)  55° -5  (132°F.) 


*  Muter,  Analyst,  i.,  p.  7,  1877. 
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If  tlie  beads  sink  at  any  temperature  lower  than  these,  the 
butter  will  need  further  examination  by  actual  determination  of 
the  fatty  acids.  As  a  guide  to  the  gravity,  it  may  be  assumed 
that  a  difference  of  one  degree  in  the  sinking  temperature  indi- 
cates '30  actual  density,  equal  to  about  '35  per  cent,  fatty  acids, 
and  nearly  5  per  cent,  of  foreign  fats.*  From  some  experiments 
by  Mr.  Jones  it  would  seem  that  the  specific  gravity  of  butter 
increases  with  age.f 

§  184.  Direct  Titration  of  Butter  by  Alcoholic  Potash. — This 
elegant  test  was  first  suggested  by  Dr.  Koettstorfer,  and  is  a 
general  method  more  or  less  applicable  to  all  fats,  but  especially 
suited  to  butter-fat,  for  most  other  fats  contain  only  the  higher 
fatty  acids,  and  the  lower  acids  having  a  smaller  molecular 
weight,  butter  must  contain  more  molecules  of  acid  than  equal 
weights  of  another  fat — in  other  words,  requii-es  more  potash  for 
saponification.  Koettstorfer  used  semi-normal  hydrochloric  acid 
and  an  alcoholic  solution  of  potash  ;  this  alkaline  solution  being 
about  the  same  strength  as  the  acid,  the  indicator  was  a  dilute 
alcoholic  solution  of  phenol-phtalein.  From  1  to  2  grms.  of  the 
purified  filtered  fat  are  Aveighed  in  a  tall  beaker  of  about  70  cc. 
capacity,  25  cc.  of  the  potash  solution  are  added,  and  heated  in 
a  water-bath.  When  the  alcohol  is  nearly  boiling,  the  mixture  is 
stirred  with  a  glass  rod  till  all  the  fat  is  dissolved,  which  does  not 
take  more  than  a  minute.  The  glass  rod  is  washed  with  a  little 
alcohol,  and  the  beaker  covered  with  a  watch-glass,  and  heated 
further  for  15  minutes,  in  such  a  manner  that  the  alcohol  does  not 
boil  too  violently.  At  the  end  of  the  quarter  of  an  hour,  the  watch- 
glass  is  washed  with  spirit,  and  the  alcoholic  solution  is  stirred 
for  one  minute  longer  with  the  glass  rod  before  used,  so  as  to 
saponify  any  fat  that  may  still  adhere  to  it.  The  solution  is  now 
taken  from  the  water-bath  ;  1  cc.  of  alcoholic  solution  of  phenol- 
phtalein  added,  and  it  is  titrated  back  with  semi-normal  hydro- 
chloric acid.  The  exact  point  is  very  sharply  indicated  by  the 
phenol-phtalein  changing  from  a  crimson  to  a  yellow.  (This 
reagent  is  very  sensitive  to  CO, ;  it  is  therefore  better  to  use  a 
flask  than  an  open  beaker.)  Thirteen  butters  heated  in  this  way 
by  Dr.  Koettstorfer  used  for  every  grm.  of  fat  from  221-5  to 
2:32-4  mgrms.  of  KHO. 

*  A  method  of  taking  the  specific  gravity  of  fats  recommeuded  by  Mr. 
Estcourt  (Cheni.  Nciua,  vol.  xxxiv.,  p.  254)  deserves  notice.  The  bulb  of  a 
Westphall's  balance  is  suspended  in  a  tcst-tubo  containing  the  fat,  the  test- 
tube  itself  is  immersed  in  a  metal  tube  containing  parafiiu,  and  secured  in  a 
water-bath ;  when  the  paraffin-bath  shows  a  temperature  of  92° -2  (206°Fahr.), 
the  weights  are  adjusted. 

t  Analyst,  1879,  39. 
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On  the  other  hand,  there  is  a  wide  difference  between  this 
amount  and  that  required  by  other  fats,  the  following  being 
about  the  saturation  capacity  in  mgrms.  of  potash  for  1  grm. 
of  various  fats  :  — 

Potash  KHO. 
Milligrammes. 


Oleo-margarine,   195 '5 

Beef -dripping,       .       .       .       .       .       .       .  196'5 

Tallow   196-8 

Lard  from  kidneys,       ......  195 '8 

Lai-d  from  unsmoked  bacon,  .....  196'7 

Commercial  lard,  .......  195'0 

Dripping,      ........  197 '0 


Or  if  the  suggestion  of  Mr.  Allen*  be  accepted,  and  the  results 
be  translated  into  equivalents  of  the  fat  by  dividing  56  "1  by  the 
mgrms.  of  potash,  the  results  are  as  follows — 

Oleo-margarine,     .......  286 '5 

Beef-dripping,   285 '5 

Tallow,   285-1 

Lard  from  kidneys,       ......  286  -5 

,,      ,,     unsmoked  bacon, .       ....  286-7 

Commerciallard,    .......  287-1 

Mutton  dripping,   284-8 

The  chief  convenience  in  expressing  the  number  in  equivalents 
is,  that  it  then  becomes  a  matter  of  indifference  whether  potash  or 
Kodaf  is  used  for  the  saponification.  The  practical  question  in 
the  use  of  this  test  is  :  what  is  the  lowest  limit  above  which  a 
butter  may  be  passed  as  genuine,  but  below  which  it  will  be 
necessary  to  examine  the  butter  by  other  means  1  The  general 
opinion  of  analysts  as  to  this  point  is,  that  butter-fat,  1  grm.  of 
■which  uses  less  than  226  mgrms.  of  KHO  (equivalents  248-2), 
is  probably  adulterated.  The  formula  for  calculating  the  amount 
of  admixture  which  has  been  proposed  is 

(227 -  «)  X  3-17  =  X. 

X  being  the  percentage  of  admixed  fat,  n  the  number  of  mgrms. 
of  potash  used. 

§  185.  (cZ.)  The  Decomposition  of  the  Fat  into  Fatty  Acids  and 
Glycerine. — This  is  effected  by  saponifying  with  an  alcoholic 
.solution  of  potash,  decomposing  the  soaji  with  sulphuric  acid, 
washing  the  subsequent  fatty  acids  with  water,  titrating  the 
soluble,  and  weighing  the  insoluble  acids.  The  details  of  the 
process  have  been  so  simplified  by  successive  improvements,  that 
what  was  formerly  a  tedious  and  even  difficult  operation,  is  now 

*  Analyst,  1879,  162. 

t  It  is  scarcely  necessary  to  add  that  should  soda  be  used,  then  40,  the 
equivalent  of  soda,  must  be  divided  by  mgrms.  of  the  alkali  used. 
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moderately  speedy  and  simple.  The  solutions  requisite  are  as 
follows : — * 

(1.)  Approximately  semi-normal  alcoholic  potash  solution, 
28  grms.,  roughly  weighed,  of  KHO,  dissolved  to  a  litre  with 
alcohol ;  specific  gravity  -840. 

(2.)  Approximately  semi-normal  sulphuric  acid — i.e.,  25  grms. 
of  the  strong  acid  to  the  litre. 

(3.)  Deci-normal  soda  solution  of  exact  strength,  most  con- 
veniently made  by  dissolving  metallic  sodium  in  water,  in  the 
exact  proportion  of  2 "3  grms.  to  the  litre.  [1  cc.  equals  'OOSS 
of  butyric  acid.] 

It  is  necessary  to  know  with  the  greatest  exactitude  the  rela- 
tionship between  the  potash  and  the  sulphuric  acid  solution ;  the 
exact  quantity  of  alcoholic  potash  that  is  to  be  used  in  the  analysis 
is  delivered  from  a  25  cc.  or  50  cc.  pipette,  as  the  case  may  be, 
phenol-phtalein  solution  added,  and  then  titrated  by  the  acid. 
It  is  also  necessary  to  know  the  relationship  between  the  d.  n. 
soda  and  the  sulphuric  acid,  which  must  also  be  found  in  the 
usual  way.  4  to  5  grms.  of  the  pure  dry  fat  are  weighed  by 
difference  into  a  flask,  and  50  cc.  of  jDotash  solution  added ;  the 
flask,  closed  by  a  glass  marble,  is  now  heated  on  the  top  of  the 

water  oven,  and  by  occasionally 
giving  it  a  rotatory  motion,  saponi- 
fication is  complete  under  the  hour 
at  the  low  temperature  of  50° 

The  author  does  not  himself  fol- 
low the  above  process,  but  uses  the 
strong  small  assay  flasks  recom- 
mended by  Dr.  Dujh-^.  These  flasks 
are  of  about  70  cc.  capacity,  and 
with  rather  long  narrow  necks,  the 
whole  capable  of  bearing  consider- 
able pressure.  4  to  5  grms.  of  the 
fat  are  poured  into  such  a  flask,  25 
cc.  of  potash  solution  added,  well 
corked  with  a  caoutchouc  stopper, 
which  must  be  secured  by  string  and 
strong  linen  or  canvas,  and  then  the 
flask  suspended  in  the  boiling  water 
of  a  water-bath.  At  the  end  of  an 
hour  or  less  it  may  be  taken  out 
completely  saponified.t  When  cool 
the  flask  is  opened,  the  soap  gently  melted  and  poured  into 

*  "Butter-Fat,"  by  E.  W.  Jones,  F.C.S.    Analyst,  May,  1S77. 

t  The  reason  for  preferring  this  method  is,  that  less  potash  is  required. 
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a  flask  of  about  500  cc.  capacity,  having  a  long,  rather  narrow 
neck  (see  fig.  27),  which  carries  the  tubes  a  and  6 — the  tube  a 
for  the  admission  of  air,  the  tube  h  furnished  with  a  stopcock. 
In  this  flask  the  soap  is  decomposed  by  adding  about  1  cc.  moi'e 
sulphuric  acid  than  is  necessary  to  neutralise  the  potash  ;  if,  for 
example,  the  latter  is  neutralised  by  25  cc.  of  the  sulphuric  acid 
26  cc.  are  added,  and  after  this  addition  the  fatty  acids  melted 
so  as  to  form  a  layer  on  the  surface  of  the  acid  water.  At  this 
point  the  whole  may  be  diluted  with  warm  water  up  to  200  cc. 
or  300  cc,  the  cork  carrying  the  tubes  inverted,  and  the  flask 
turned  iipside  doAvn,  as  represented  in  the  figure.  After  standing 
a  few  hours  the  cake  is  more  or  less  solid,  and  the  lower  stratum 
of  liquid  may  be  run  ofl"  almost  clear.  It  will,  however,  always 
be  safest  to  pass  it  through  a  filter.  By  adapting  an  india-rubber 
tube  to  a,  warm  water  may  be  sucked  up  through  6,  and  the  fat 
washed  in  the  flask  (perfectly  closed  by  pinching  the  india- 
rubber),  and  then  the  cake  allowed  to  form  as  before.  The  fluid 
is  now  again  run  off"  from  the  solid,  and  this  time  cold  water  may 
be  sucked  up  through  a,  and  the  whole  process  of  alternations  of 
hot  and  cold  water  repeated.  Lastly,  the  cork  with  its  tubes  is 
removed,  any  adherent  fat  washed  oft'  with  warm  water  into  the 
flask,  the  latter  adapted  either  to  an  upright  Liebig's  condenser 
and  boiled,  or  connected  in  the  usual  way  with  a  Liebig, 
which  has  as  a  receiver  a  flask,  adjusted  by  a  cork  tightly  to- 
the  bent  tube  of  the  condenser,  and  is  furnished  with  a  mercury 
valve,  the  whole  forming  a  closed  system.  In  the  latter  case, 
also,  the  heat  is  applied  to  boiling  for  five  or  ten  minutes,  and 
the  distillate  added  to  the  filtrates ;  lastly,  the  cork  with  tubes- 
is  again  connected,  the  flask  inverted,  the  liquid  when  cool  run 
off",  and  the  fat  finally  washed  with  a  little  cold  water  and  allowed 
to  drain. 

The  watery  liquid  contains  sulphuric  acid,  sulphate  of  potash, 
alcohol,  butyric,  and  the  other  soluble  fatty  acids  ;  it  will  be  in 
bulk  from  600  to  700  cc,  and  may  be  made  up  to  any  definite 
quantity.  In  any  case,  a  portion  of  it — a  quarter,  a  fifth,  or  even 
a  tenth — must  be  taken  and  titrated  with  d.  n.  soda,  which,  when 
the  quantity  required  to  neutralise  the  1  cc.  of  sulphuric  acid  in 
excess  is  subtracted,  indicates  the  amount  of  soluble  acid,  and  is- 
always  returned  as  butyric,  whicli  is  near  enough  to  the  truth. 

Instead  of  this  metliod  it  ma3'-  be  iiscful  to  titrate  the  acid 
liquid,  distil  until  all  the  volatile  acid  whicli  can  be  obtained  has 
gone  over,  and  then  titrate  the  distillate.  It  is  also  possible  to 
separate  the  volatile  fatty  acids  from  such  a  solution  by  shaking 
up  witli  otlicr  in  the  tube  figured  at  p.  6'J,  the  ether  dissolving 
the  acids  freely. 
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The  insoluble  fatty  acids  remaining  partly  in  the  flask,  with  a 
trace  on  the  filter,  are  now  united  in  a  flat  porcelain  dish.  This 
is  done  by  melting  the  acids  in  the  flask,  pouring  off",  and  extract- 
ing by  alcohol  and  ether — the  same  solvent  also  dissolving  the 
acids  from  the  filter.  On  evaporation  of  the  alcohol  and  ether, 
one  or  two  large  bubbles  of  water  may  be  formed  in  the  acids, 
and  it  is  best  to  add  a  few  drops  of  absolute  alcohol.  The  disli 
is  now  placed  on  the  top  of  the  water-bath  (the  water  in  whicli 
should  only  boil  gently),  and  weighed  at  short  intervals ;  if  after 
twenty  minutes  only  1  or  2  mgrms.  are  lost,  the  weight  is  con- 
sidered constant. 

Reichert  has  modified  this  process  :  the  same  quantity  of  butter 
is  taken  each  time,  saponified,  decomposed,  and  distilled  in  a  weak 
current  of  air.  The  details  of  the  process  are  as  follows : — 2*5  gi'ms. 
of  the  anhydrous  fat  are  saponified  with  alcoholic  potash  [1  grni. 
KHO  in  20  cc.  alcohol  of  80  per  cent.]  After  saponification  50  cc. 
of  water  are  added,  and  20  cc.  of  diluted  sulphuric  acid  [strength 
10  per  cent.],  the  mixture  is  then  distilled  in  a  weak  current  of  air  j 
the  distillate,  which  mostly  contains  some  of  the  fixed  fatty  acids, 
is  filtered  through  wet  filter  paper  into  a  50  cc.  flask,  the  distillate 
made  up  to  exactly  50  cc,  and  titrated.  Thirteen  pure  btitters  on 
experiment  took  13  to  14'9  cc.'s  of  decinormal  soda;  cocoa-nut 
fat,  3-70 ;  oleo-margarine,  0-95  ;  lard,  "30 ;  kidney  fat,  *25  ;  rape 
oil,  '25.  Butter-fat  and  lard,  melted  together  and  mixed  as 
follows,  required  the  following  cc.'s  of  decinormal  soda  to  neutra- 
lise the  distillate — 

p.o.    p.c.     p.c.     p.c.    p.c.  p.c. 
Percentages  of  butter  in  tlie  mixture,       .       0     20     40     60     SO  100 

•cc.  decinormal  soda,  .  .  0  30  3  10  5-90  8-50  11-50  14'30 
Difference,     .       .       .       .  2-80    2 -SO     2-60     3 '00  2-80 

From  these  and  other  results  Reichert  thinks  the  i)ercentage  of 
butter  may  be  found  in  a  mixture  by  the  following  formula — 

Percentage  butter  =  (7 -30 ±0-24)  (?i-0-30). 

n  being  the  number  of  cc.'s  of  d.  n.  soda  used  in  titrating  the 
distillate. 

L.  Medicus  and  S.  Scherer*  have  examined  the  process  of 
Eeicliert,  and  given  a  decided  verdict  in  its  favour.  They  have 
also  examined  by  the  jDrocess,  whether  the  melting  of  butter  is 
accompanied  by  any  sepai-ation  of  its  constituents,  and  their 
•experiments  appear  to  prove  that  there  is  in  point  of  fact  a 

*  Zdtschrift  fur  Analyt.  Chemie,  ISSO,  p.  159. 
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considerable  subsidence  of  the  heavier  fats.  Thus,  a  kilogram, 
of  pure  butter  was  allowed  to  cool  slowly  after  melting  in  a 
capacious  vessel,  with  constant  stirring ;  when  a  sample  was 
taken,  and  the  distillate  obtained  after  Reichert's  method  used, 
14  CO.  of  d.  n.  soda.  The  same  butter  was  then  remelted,  and 
allowed  to  cool  slowly  without  stirring,  and  samples  taken  froni 
various  portions  with  the  following  results  : — 


D.  N.  Soda, 
cc. 

Mixture,  14-0 

Upper  layer,   ........  13'3 

Under  layer,   .       .       .       .       .       .       .       .  14'2 

Outer  layer  near  the  side,       .       .       .       .       .  14'4 

Inner  middle  layer, .       .       .       .       .       .       .    17  "3 


The  same  chemists,  applying  Reichert's  method  to  various  fats, 
obtained  the  following  results  : — 

D.  N.  Soda. 

CO. 

Butter-fat,   13  6  to  14  0 

Lard,   -2 

Rape  oil,      .......  "3 

Sesame  oil,  .......  "35 

Olive  oil,   -3 

Palm  oil,  "5 

A  distillation  process  was  proposed  in  England  before  the  publi- 
cation of  Reichert's  paper  by  Mr.  Perkins  :*  a  solution  of  oxalic 
acid  was  used  to  decompose  the  soap,  and  all  the  volatile  acids 
were  supposed  to  distil  over ;  but  the  test  experiments  given  are 
rather  below  the  total  amount  which  were  pi-obably  present. 
There  is  one  advantage  of  a  distillation  process  which  must  not 
be  lost  sight  of — viz.,  the  acids  may  be  identified  by  fractional 
titration  when  treated  after  Duclaux's  process,  described  in  the 
article  on  "Wine." 

A  process  of  saponification  has  been  proposed  and  practised  by 
Mr.  West  Knight,t  which  is  based  on  the  insolubility  of  the 
oleate,  stearate,  and  palmitate  of  barium,  and  the  ready  solubility 
of  the  volatile  fatty  acid  combinations  with  barium.  The  bufctei'- 
fut  is  saponified  with  alcoholic  potash  in  the  ordinary  way.  The 
soap  solution  is  diluted  to  300  cc,  and  a  solution  of  chloride  of 
barium  added  until  a  curdy  precipitate  separates,  and  the  liquid 
is  no  longer  rendered  milky  by  a  fresh  addition — tho  insoluble 
barium  fatty  acids  are  collected  on  a  filter,  and  iiltimately  trans- 
ferred to  a  tube  such  as  is  used  by  Muter  ()>.  302),  and  tlie  fatty 
acids  liberated  by  sulphuric  acid  and  sliakcn  up  with  ether ; 


*  Analyst,  1879,  142, 


t  Anubjul,  1880. 
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■when  separation  has  been  ej0Fected,  a  fractional  part  of  the  ether 
is  taken,  and  evaporated  in  a  tared  flask. 

Further  Analyses  of  the  Insoluble  Fatty  Acids. — The  insoluble 
fatty  acids  are,  as  already  stated,  oleic,  palmitic,  and  stearic ;  it 
is  their  total  weight  which  is  alone  valuable,  and  to  sepai-ate  the 
three  with  accuracy  is  not  easily  effected.  The  first  can,  however, 
"be  very  readily  isolated  by  the  following  process,  the  details  of 
which  have  been  worked  out  by  Dr.  Muter.  The  process  de25ends 
upon  the  well-known  fact  that  the  oleate  of  lead,  Pb2Cj8H3302, 
•can  be  separated  from  plumbic  palmitate,  Pb2CjgH3j^02,  and 
plumbic  stearate,  PbUCjgHggOg,  by  taking  advantage  of  the 
■solubility  of  the  former  in  ether. 

About  1  grm.  of  the  fatty  acids  is  combined  with  potash,  and 
the  solution  well  diluted  with  boiling  water,  and  carefully  treated 
with  acetic  acid  added  to  the  boiling  solution  until  a  permanent 
turbidity  is  produced  ;  solution  of  potash  is  now  dropjied  in -with 
constant  stirring,  until  the  liquid  j  ust  clears  again.  The  solution 
is  now  precipitated  by  plumbic  acetate  in  slight  excess,  and 
is  stirred  until  the  precipitated  soap  settles  thoroughly.  The 
supernatant  liquid  is  poured  off,  and  the  soap  once  washed  by 
boiling  with  a  large  volume  of  water  and  decanting ;  plumbic 
oleate,  palmitate,  and  stearate  are  thus  obtained  as  perfectly 
neutral  salts,  the  first  being  soluble  in  ether,  the  last  two  quite 
insoluble.  The  lead  soap  is  now  transferred  to  a  flask  of  100  cc. 
■capacity,  and  the  plumbic  oleate  dissolved  out  by  ether,  the 
ethereal  solution  being  passed  through  a  filter.  The  end  of  the 
process  is  known  by  the  washings  ceasing  to  blacken  ammonium 
hydrosulphide.  The  filtrate  and  the  washings  should  not  exceed 
200  cc,  a  fractional  portion  of  which  may  be  evaporated  to 
dryness  in  a  jjlatinum  dish,  and  weighed  as  iilumbic  oleate.  To 
ensure  perfect  accuracy,  the  remainder  should  be  ignited  and 
weighed  as  Pb  +  PbO ;  the  residue  treated  with  acetic  acid  to 
take  up  the  PbO,  and  the  residual  Pb  calculated  to  PbO.  By 
deducting  the  weight  of  plumbic  oxide  thus  obtained  from  the 
total  plumbic  oleate,  and  allowing  for  the  hydrogen  displaced, 
the  oleic  acid  is  obtained. 

Dr.  Muter  recommends,  however,  an  easier  method.  This 
requires  a  long  graduated  tube  of  250  cc,  having  a  Avell-ground 
stopper  and  a  stopcock,  which  is  placed  at  50  cc.  from  the 
bottom.  The  ethereal  solution  is  placed  in  this,  the  soap  decom- 
posed by  hydrochloric  acid  [1  :  2]  ;  and  (when  the  chloride  of 
lead  is  fully  settled)  a  known  quantity  of  the  supernatant  ethereal 
solution  drawn  off,  evaporated,  and  weighed  as  oleic  acid. 

In  the  majority  of  adulterated  butters,  the  specific  gravity, 
the  melting-point,  and  the  fatty  acids  are  all  Mddely  diflerent 
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from  that  of  genuine  butter,  so  that  there  is  no  room  for  doubt. 
Occasionally,  however,  a  butter  may  be  met  with  in  which  a 
small  proportion  only  of  foreign  fat  has  been  used,  and  in  such 
a  case  the  analysis  must  be  repeated  several  times  lest  a  mistake 
be  made.  Of  all  the  above  determinations,  the  percentage  of 
insoluble  and  soluble  fatty  acids  is  of  the  greatest  importance. 
A  marked  deficiency  or  comjalete  absence  of  soluble,  and  an 
increase  of  insoluble,  are  the  charactei-istic  features  of  fats  other 
than  butter. 

The  following  are  a  few  examples  of  percentages  of  fatty  acids 
found  in  genuine  butters  : — 


(1.) 

(2.) 

(3.) 

(4.) 

Soluble,  . 

5-92 

5-76 

5-37 

4-77 

Insoluble, 

.  87-86 

88-10 

87-68 

88-44 

9378 

93-86 

93-05 

93-21 

It  is  generally  accepted  that  88  per  cent,  of  insoluble  acids,  if 
associated  with  6-3  of  soluble  acids,  is  a  fair  standard  of  butter 
calculation,  and  that  if  a  butter  shows  anything  less  than  89*5 
insoluble,  with  5  soluble,  it  may  be  passed  as  genuine.* 

A  few  examples  of  adulterated  butter-fat  are  as  follows  : — 

(1.)  (2.)  (3.) 

A  Commercial  A  Commercial 

Butter.  Butter.  Butterine. 

Soluble,  ,       .        1-98  2-34  -58 

Insoluble,       .       93-30  93-S2  95-51 

95-28  96-16  96-09 


LEGAL  CASE. 

Somerset  House  standard  for  water  in  butter. 
At  the  Bath  Police  Court  (January,  1879),  a  dairyman  had  been  summoned 
for  selling  butter,  the  proximate  analysis  of  which  showed  a  considerable 
addition  of  water.  An  appeal  to  Somerset  House  elicited  the  following 
certificate: — "We  hereby  certify  that  we  have  analysed  the  butter,  and 
declare  the  results  of  our  analysis  to  be  as  follows  : — 

Per  cent 

Water  23-27 

Butter-fat,  74-69 

Curd  1-26 

Salt,   -78 

"The  results  of  our  analyses  of  numerous  samples  of  ordinary  commercial 
butters  obtained  from  different  parts  of  the  country,  including  the  south  of 
England,  show  that  the  proportion  of  water  present  is  very  variable,  and 
that  it  occasionally  amounts  to  as  much  as  19  per  cent." 

*  Muter,  Oj'.  cit. 
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BUTTERMILK. 

§  186.  Buttermilk  is  the  thin  whey  left  behind  when  the  fat 
has  been  extracted  in  the  process  of  butter-making.  It  is  never 
fat-free ;  it  contains  all  the  constitiients  of  milk,  but  a  great 
portion  of  the  sugar  has  been  changed  into  lactic  acid.  It  is 
then  essentially  a  dilute,  poor  acid  milk. 

The  average  composition  of  fresh  buttei'milk  is  : — 


Water,   90-62 

Caseine,   3  "78 

Fat,   1-25 

Milk-sugar,   3-38 

Lactic  acid,   -32 

Ash,   -05 


§  187,  188.] 
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The  lactic  acid  tends  ever  to  inci-ease,  so  that  samples  which 
liave  stood  a  little  time  will  contain  more  lactic  acid  than  the 
proportion  above  given. 


CHEESE. 

§  187.  Cheese  consists  essentially  of  the  coagulated  albuminous 
matters  of  milk,  especially  of  caseine,  with  a  variable  quantity  of 
fat,  common  salt,  and  alkaline  and  earthy  phosphates.  Cheese 
may  be  made  from  the  milk  of  any  animal,  but  the  great  majority 
of  cheeses  in  commerce  are  made  from  that  of  the  cow.  The  prin- 
ciple of  the  manufacture  of  cheese  from  fresh  milk  is  very  simple  : 
the  caseine  is  precipitated  by  rennet,  and  carries  down  with  it 
most  of  the  milk-fat,  as  well  as  some  portion  of  the  milk-sugar. 
The  thin  whey  is  allowed  to  run  off,  and  the  precipitated 
"  curds"*  submitted  to  pressure,  which  has  the  effect  of  not  only 
getting  rid  of  the  whey,  but  also  of  giving  to  the  mass  shape  and 
consistency.  Cheese  may  be  made  from  sour  milk  without  the 
addition  of  rennet,  the  lactic  acid  precipitating  the  caseine  ;  but 
most  of  the  cheeses  in  commerce  ai'e  made  from  fresh  milk. 
Cheeses  may  be  divided  into  two  varieties — the  soft  and  the 
hard;  the  former  are  manufactured  by  precipitating  with  rennet 
at  a  low  temperature,  and  using  but  little  pressure  ;  they  have 
mostly  an  alkaline  reaction.  The  hard  cheeses  are  subjected  to 
a  higher  temperature  and  stronger  pi-essure,  and  have,  when  first 
made,  an  acid  reaction. 

I.  SOFT  CHEESES. 

§  188.  Nmfcliatd  Cheese. — This  is  a  Swiss  cream  cheese ;  its 
average  composition  when  fresh  is  as  follows  : — 


Per  cent. 

Water,  37-87 

Caseine,  17  43 

Fat  41-30 

Ash,  3-40 

*  An  analysis  of  curds  by  M.  Rubner  is  as  follows  : — 

Per  cent. 

Water,  60-27 

Caseine,  24-84 

Fat,  7-33 

Ash,  4-02 

Milk-suwar,       .......  3-54 

Total  scJids,  39-73 

"Solids  not  fat,"       ....  32-40 

21 
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Fromage  de  Brie. — A  soft  Frencli  cheese,  rapidly  ripening  and 
developing  ammoniacal  compounds  : — 

Per  cent 

Water,  51-87 

Caseine,  18-30 

Fat,  24-83 

Ash   .       .       .  5-00 

English  Cream  Cheese  varies  within  somewhat  wide  limits  ;  it 
usually  contains  from  50  to  68  per  cent,  of  fat,  and  from  2  to  3 
per  cent,  of  caseine. 

Camemhert  Cheese. — This  is  a  fine  cream  cheese,  at  present 
much  consumed  ;  its  general  composition  appears  to  be — 

Per  cent 

Water,   51-30 

Caseine   19-00 

Fat,   21-50 

Lactic  acid,               )  „ 
Milk-sugar,  galactine,  \ ^" 

Ask,   4-70 

T/ie  Eoquefort  Cheese  is  a  very  celebrated  French  cheese,  largely 
eaten  on  the  Continent.  It  is  not  made  from  cows'  milk,  but 
from  that  of  the  ewe.  A  fresh  Roquefort,  analysed  by  Blondeau,* 
had  the  following  composition  : — 

Per  cent. 

Caseine,  85  43 

Fat,  1-85 

Lactic  acid,   .  0-88 

Water,  1184 


The  same  cheese,  in  the  condition  most  highly  prized  (after  it 
hadj  been  kept  two  months  in  a  cold  cellar),  had  the  following 
composition  : — 

Per  cent. 

Caseine,  43-28 

18-30 


■Pnf  )  Margarine, 
I  Olein,  . 


Butyric  acid. 
Chloride  of  sodium, 
Water, 


18-30  ) 
14-00  \ 


32-30 

0-67 
4-45 
19-30 


Eoquefort  cheese  is  usually  coloured  with  reddle  or  aunatto. 
The  manufacturers  of  these  cheeses  attach  great  importance  to 
their  being  kept  at  a  rather  low  and  uniform  temperature  during 


Annales  de  Chimie  et  de  Physique,  (4)  t.  i.,  18C4. 
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the  ripening  process.  The  most  famous  cellars  are  subterraneous 
mountain-caves,  kept  constantly  cool  (at  about  41°  to  42°  Fahr.) 
by  currents  of  air  coming  through  clefts  and  grottoes.  The  com- 
mercial value  of  these  cellars  is  directly  proportionate  to  their 
uniformity  of  temperature. 


II.  HARD  CHEESES. 

§  189.  American  Cheese  is  made  from  unskimmed  milk,  and  is 
of  extremely  uniform  quality.  The  general  composition  of  two 
fine-flavoured  Americans,  sold  at  9d.  per  lb.,  the  author  found  to 
be— 

(1.)  (2.) 

Water,   22-59  31-80 

Fat,   35-41  28-70 

Caseine,  .  .  .  .  .  37-20  36-00 
•  ,    (  Soluble  in  water,    1-19  )  ,  on         1'13  )  o.cn 

Asli,    T„=.i„Kio  '    ^.fii  4-80         „.o7  3-50 


Insoluble,       .      S  OI  \  2-37 
NaCl  in  soluble  ash,         .       .        TOS  1-01 
Phosphate  of  Lime  in  insoluble  ash,    2  "21  2*37 

Cheddar  Cheese  is  made  with  entire  milk ;  the  cheeses  are 
usually  thick,  and  weigh  up  to  200  lbs.  each.  Two  sound,  good- 
flavoured  Cheddars,  sold  at  lid.  per  lb.,  had  the  following  com- 
position : — 

(1.)  (2.) 

Water,   27-83  28  34 

Fat,   24  04  21-01 

Caseine,   44-47  '  47-03 

.  ,    (  Soluble  in  watei',    1-14)         n.an       1-14)  o.^n 

I  Insoluble,       .       2-52  1         ^-66       2-48  1 
NaCl  in  soluble  ash,  .       .      ,.        1-04  1-14 
Phosphate  of  Lime  in  insoluble  ash,    1  -52  1  -69 

Dunlop  Cheese  is  made  with  entire  milk,  and  is  not  dissimilar 
in  general  composition  to  American  cheeses.  A  sample  examined 
by  Johnstone  had  the  following  comj)osition  : — 

Per  cent. 

Water   38  46 

Fat,  ■.       .  31-86 

Caseine,  25  87 

Ash,  3-81 

Gloucester  Cheese. — Two  varieties  of  Gloucester  cheese  exist  in 
commerce,  single  Gloucester  and  double  Gloucester — the  only 
difference  between  the  two  being  that  the  latter  is  I'icher  than 
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the  formei",  single  Gloucester  being  made  from  a  mixture  of 
skimmed  and  entire  milk,  double  Gloucester  from  entire  milk. 
A  single  Gloucester,  sold  at  9d.  per  lb.,  of  good  flavom*,  and  free 
from  mould,  bad  the  following  composition  : — 

Per  cent 

Water,  21-41 

Fat,  25-38 

Caseine,  49-12 

Ash  4-09 

An  analysis  by  Johnstone  of  a  double  Gloucester  is  as  follows : — 

Per  cent 

Water  35-82 

Fat,  21-97 

Caseine,  37-96 

Ash,  4-25 

Notwithstanding  that  in  the  single  the  fat  was  25  per  cent.,  in. 
the  double  but  21  per  cent.,  the  latter  is  really  richer  than  the 
former,  if  the  water  be  subtracted,  and  the  percentage  be  taken 
on  the  dry  substance  ;  or  if  the  proportion  of  the  fat  to  the 
caseine  be  considered — in  the  double  the  fat  being  to  the  caseine 
as  10  : 17,  in  the  single  as  10  : 19. 

Farmesan  Cheese. — This  is  a  peculiar  cheese,  never  made  in  this 
country,  but  imported  from  Parma  and  elsewhere.  The  essential 
points  in  the  manufacture  are,  that  the  rennet  is  heated  to  about 
46°-6  (120°Fahr.),  and  an  hour  afterwards  the  milk  set  over  a  slow 
fire  until  heated  to  about  65°-5  (150°Fahr.)  These  operations  caiise 
the  curd  to  separate  in  hard  lumps.  It  is  usually  coloured  with 
saffron.  The  outer  crust  of  the  cheese  at  the  end  of  fourteen  days 
is  cut  off,  the  new  surface  varnished  with  linseed  oil,  and  one  side 
coloured  red.  It  is  a  very  dry  cheese,  with  a  large  amount  of 
caseine,  and  only  a  moderate  percentage  of  fat.  A  Parmesan 
analysed  by  Payen  gave — 

Per  cent 

Caseine,   .  44-08 

Fat  15-95 

Salts,  5-72 

Water,  27-56 

Non-nitrogenous  matter,  &c. ,    .       .       .       .  6-69 

Stilton  Cheese  is  made  from  entire  cows'  milk,  to  which  some 
cream  has  been  added ;  when  fully  mature,  it  is  similar  in  com- 
position to  Roquefort.  Analyses  of  Stilton  cheeses  by  Voelcker 
are  as  follows  : — 
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Water, 
Caseine, 
Milk-sugar, 
Fat,  . 
Ash,  . 

Gruyere  Cheese  is  a  peculiarly-flavoured  Swiss  cheese.  Analyses 
by  various  chemists  are  as  follows : — 


TABLE  XX.— GRUYERE  CHEESE. 


-4- 

-*— 

s 

a 

3 

a 

a 

o 

t» 

■a 
a 

B 

a 

3 
.§ 

1 

c3 

a 

<i 

< 

d 

d 

d 

Water, 

40-00 

32  05 

34-57 

35-74 

34-57 

40-00 

32-05 

34-68 

Caseine, 

31-25 

34-25 

29-12 

29-95 

32-51 

34-25 

29-12 

31-41 

Fat,  . 

24  00 

28-40 

32-51 

30-64 

29-12 

32-51 

24-00 

28-93 

Milk-sugar  and 

other  non-ni- 

trogenous 

substances. 

1-75 

-51 

1-75 

•51 

1-13 

Ash, 

3-00 

4-79 

3-80 

3-67 

3-80 

4-79 

3-00 

3-85 

Gorgonzola  Cheese. — An  analysis  of  Gorgonzola  cheese,  by  J. 
Moser,J  is  as  follows  : — 

Per  cent. 


Water,   43  56 

Caseine,     ........  24-17 

Fat   27-95 

Ash,   4  32 


Shim  Cheese. — The  quality  of  skim  cheese  depends  upon  the 
amount  of  fat  it  contains.  A  cheese  which  shows  under  1 0  per 
cent,  of  fat  may  with  propriety  be  called  skim,  the  majority  of 
skim  cheeses  containing  from  -5  up  to  10  per  cent,  of  fat.  The 
writer  foiind  a  sample  of  skim  cheese,  at  6d.  per  pound,  to  have 
the  following  comjjosition  : — 

Per  cent. 


Water,      .       .       .              .       .      ..       .  43-14 

Fat,   -86 

Caseine  and  milk-sugar   49-79 

(  Soluble  in  water,     .       .       .       2-16  ) 

Ash,  ^  Phosphate  of  lime,  .       .       .       3-98  V  6-21 

(  NaCl  in  soluble  ash,        .       .       2-00  j 


*  Jahreshericht  f.  Arp-icuU.  Chemie,  1875-6,  ii.  Bd. 

•f-  Jorum,  de  Pharmacie,  xvi. 

X  Journal  of  Roy.  Agricid.  Soc,  1801,  xxii. 


Tolerably  fr( 
32-18 
24-31  ) 

2-  22  \ 
37-36 

3-  93 


Okl. 
20-27 
33-55 

43-98 
2-20 


Not 
38-28 
23-93 
3-70 
30-59 
3-20 


ry  recent. 
38-23 
24 -.38 
2-76 
29-12 
5-51 
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The  mean  of  nine  analyses  of  skim  cheese  collected  by  Kbnig 
is  as  follows  : — 


Water, 
Fat,  . 
Caseine, 
Milk-sugar, 
Ash,  . 


Per  cent. 

48-02 
8-41 

32  65 
6-80 
4-12 


The  analyses  given  by  no  means  exhaust  the  varieties  of 
cheese.  There  are  many  others,  such  as  Dutch  cheese,  usually 
highly  salted,  —  English  cheeses  taking  their  name  from  the 
county  or  place  in  which  they  ai'e  made,  and  a  great  number  of 
Continental  cheeses. 

§  190.  The  Riiiening  of  Cheese. — The  transformation  that  cheese 
undergoes,  and  by  which  it  usually  acquires  a  more  agreeable 
taste  and  flavour,  is  without  doubt  a  fei-mentation  of  a  slow 
character,  induced  by  the  agency  of  minute  mycoderms ;  pos- 
sibly, as  F.  Cohn  suggests,  the  very  active  thread-bacteria,  wliich 
rennet  always  contains,  have  something  to  do  with  the  process. 
Fi'esh  cheese  has  an  acid  reaction,  but  the  development  of 
ammonia  ultimately  renders  the  reaction  alkaline.  There  is 
with  age  a  continuous  loss  of  water,  and  a  slow  development  of 
carbond  ioxide — the  fat  decomposes,  and  the  fatty  acids  *  unite 
in  part  with  the  lime  and  in  part  with  the  ammonia.  The 
caseine  also  gradually  passes  into  a  soluble  condition,  so  that  a 
cheese,  which  originally  gave  very  little  to  water,  ultimately 
becomes  almost  wholly  soluble. 

Blondeau  and  others  considered  that,  in  the  ripening  of 
cheese,  the  albuminoids  slowly  changed  into  fat ;  thus,  the 
Roquefort,  of  which  two  analyses  are  given  at  p.  306,  was 
analysed  at  the  end  of  a  year,  and  its  composition  found  to  bo 
as  follows  : — 

Per  cent. 

Caseine  40 '28 


Margarine, 
Olein, 

Butyrate  of  ammonia, 
Caproate  of  ammonia, 
Caprylate  of  ammonia, 
Caprate  of  ammonia,  . 
Chloride  of  sodium, 
Water, 


16-85 
1-48 
5-62 
7-31 
4-18 
4-21 
4-45 

15-62 


Alexander  Mliller  has,  however,  shown  that  the  albuminoid 
and  fatty  constituents  of  old  cheese  bear  the  same  relation  to- 

*  Valerianic  acid  has  been  detected  in  a  Roquefort  cheese  by  M.  Balard, 
and  by  Messrs.  J.  Gcnko  and  Laskowski  in  a  Limboiu-g  cheese. 
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eaoh  other  as  in  new  cheese,  which  he  proves  by  calculating  the 
determinations  according  to  an  equal  quantity  of  water,  thiis  — 


Water, 
Caseine, 
Fat,  . 
Sugar, 
Salts,  . 


Fresh. 
40-4 
24-5 
28  0 
1-7 
5-4 


A  year  old. 
40-4 
24-5 
28-2 
2-6 
4-3 


If.  Sieber  *  has  also  contested  the  change  of  albuminoids  into 
fat,  and  gives  the  following  analyses  of  a  Roquefort : — 


Fresh  cheese. 

After 
one  month. 

Very 
old  cheese. 

Water,  . 

49-66 

36-93 

23-54 

Caseine, 

13-72 

5-02 

8-53 

Soluble  albuminoids, 

6-93 

20-77 

18-47 

Fat, 

27-41 

31-23 

40-13 

Ash, 

1-74 

4-78 

6-27 

99-46 

98-73 

96-94 

Now,  although  there  is  in  the  above  analyses  an  apparent 
increase  in  the  fat,  yet,  if  reckoned  on  100  parts  of  the  dry  sub- 
stance, there  is  no  very  decided  change.    Thus — 


Fresh  cheese,  . 
After  one  month, 
Very  old  cheese. 


Fat. 
53-91 
49-94 
56-14 


Alhuminoids. 
40-80 
40-53 
37-78 


Brassier, t  some  years  ago,  made  several  carefu]  analyses, 
which  may  be  of  assistance  in  following  the  changes  that  cheese 
undergoes  through  age.  Five  pieces  of  the  same  cheese  in  the 
salted  and  unsalted  condition  were  analysed  at  the  end  of  two, 
four,  and  seven  months,  the  results  of  which  are  tabulated  in  Table 
XXI.  The  development  of  ammonia,  the  production  of  nitrogen- 
ous products  soluble  in  alcohol,  and  the  wasting  of  the  fat  and 
total  nitrogen,  are  well  shown  in  these  analyses. 

The  researches  on  the  "  lipening  "  of  cheese  hitherto  made  by 
no  means  exhaust  the  subject,  and  there  appears  room  for  much 
intei-esting  work  in  this  direction. 

§  191.  The  Analysis  of  Cheese. — The  analysis  of  cheese  when 
fresh  is  conducted  on  almost  the  same  principles  as  the  analysis 
of  butter.  The  fat  is  best  taken  in  a  proper  exhaustion  apparatus, 
by  petroleum  ether,  or  carbon  bisxilphidc.  On  extraction  of  tho 
fat  tho  fat- free  solids  arc  dricid  and  weighed,  and  tho  fat  is  also 
dried  and  weighed.    Tlic  dry  fat  and  the  dry  solids  added 


*  Jonrn.f.  Prnlc.  Chemie,  xxi.  21."?. 
+  Ann.  de  Chem.  Phijs.,  v. 
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TABLE  XXL 


Unsalted  pieces. 

Salted  pieces. 

Fresh 

cheese. 

After 

After 

After 

After 

After 

4-  TTiriTltTlH 

2  mouths. 

4  mouths. 

7  months. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

Gra. 

Caseine,  .    .  . 

96-21 

83  10 

85-01 

78-60 

80-10 

6706 

Milk-sugar,  .  . 

11-46 

... 

... 

... 

... 

Leucine  and 

other  nitrogen- 

1 

ous  substances 

-  ... 

21-18 

18-67 

15-75 

18*28 

33-42 

soluble  in  al- 

cohol,   .    .  • 

Fat  

66-78 

56-31 

46-92 

56-01 

40-50 

39-74 

Insoluble  salts,  . 

2-25 

o.oc 
Z  ZD 

Ammonia,    .  . 

15-53 

16-75 

16-50 

Soluble  sub- 

stances,    .  . 

Trace 

1-85 

1-95 

1-42 

1-67 

3-22 

Water,    .    .  . 

123-3 

67-31 

59-20 

68-69 

81-70 

56-06 

Total  weight,  . 

300  0 

232-0 

2140 

236-0 

239-0 

216-0 

Total  nitrogen,  . 

15-27 

15-94 

12-.32 

13-73 

14-63 

10-58 

togetliei',  and  subti'acted  from  the  quantity  taken  at  first,  gives 
the  amount  of  watei\  This  is  a  better  method  than  diying  the 
solids  in  the  ordinary  way,  which  will  be  found  in  many  cases 
to  be  extremely  tedious  and  inaccurate.  With  alkaline  cheeses 
there  appears  no  other  way  of  obtaining  the  amount  of  water 
than  careful  neutralisation  of  the  free  alkali  by  an  acid  before 
drying.  The  caseine  and  albumen  represent  the  insoluble  por- 
tion of  the  cheese.  The  sugar  must  be  determined  by  copper 
oxide  (see  p.  119);  the  lactic  acid  and  the  ash  on  the  principles 
laid  down  at  pp.  244  and  98. 

The  adulterations  of  cheese  which  have  actually  been  found  are 
not  numerous.  All  mineral  adulterations,  save  those  of  volatile 
metals,  must  be  looked  for  in  the  ash,  which  consists  normally  of 
common  salt,  alkaline,  and  earthy  phosphates.  Cheese  has  from 
the  earliest  to  the  present  time  been  coloured  by  vegetable 
matters,  and  so  long  as  the  latter  are  not  injurious,  such  addition 
cannot  be  considered  as  adulteration. 

Thin  slices  of  cheese  should  be  examined  microscopically  after 
dissolving  out  the  fat,  &c.,  by  ether ;  in  this  way  starches  and 
vegetable  substances  may  be  detected.  Arsenical  washes  and 
lead  pastes  have  often  been  applied  to  the  lind  to  prevent  the 
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attacks  of  the  fly.  As  this  part  is  habitually  eaten  by  a  few- 
people,  it  is  necessary  to  examine  it,  especially  foi-  these  metals, 
and,  in  a  complete  investigation,  to  make  two  separate  analyses, 
one  of  the  rind,  and  the  other  of  the  substance  of  the  cheese. 

In  past  times,  a  few  isolated  instances  have  occurred  in  which 
it  was  found  that  the  manufacturers  of  cheese  had  mixed  pre- 
parations of  arsenic  with  the  cheese  itself  as  a  preservative  : — 
e.g.,  such  was  the  case  in  the  year  1841,  when  several  of  the 
inhabitants  of  Chatillon  were  poisoned  by  this  means.  In  1854, 
the  same  thing  occurred,  and  a  Parisian  family  suff'ered,  but  not 
fatally  (ChevaUier).  It  is  to  be  hoped  that  such  ignorance  is  a 
thing  entirely  of  the  past.* 
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*  Whey. — After  the  removal  of  the  curd  from  milk,  a  "whey"  remains,  con- 
taining albumen,  galactine,  milk-sugar,  lactic  acid,  and  salts.  The  mean  of 
thirty-two  analyses  collected  by  Konig  gives  the  following  as  the  average 
composition  of  "whey"  : — 


Water,   93-31 

Nitrogenous  substances,   '82 

Fat,  r      .       .   -24 

Milk-sugar,    4-65 

Lactic  acid,      ........  "33 

Salts,   -65 


Whey,  on  account  of  its  high  content  of  milk-sugar,  is  used  for  the  prepara- 
tion of  the  latter,  and  there  is  also  a  "whey- vinegar."  In  very  many  places, 
however,  whey  is  used  merely  as  a  food  for  pigs. 


PART  V.-TEA,  COFFEE,  COCOA- 


TEA. 

§  192,  Varieties  of  Tea. — Tea  is  the  dried  leaf  of  different 
species  of  Thea,  a  section  of  the  genus  Camellia.  The  botanical 
varieties  do  not  appear  to  be  numerous.  Thea  Bo/tea,  T.  viridis, 
and  T.  sinensis,  all  Chinese  plants,  Thea  Assamica,  indigenous  to 
Assam,  and  one  or  two  hybrids,  are  the  principal  plants  from 
which  the  numerous  teas  of  commerce  are  derived.  The  differ- 
ence depends  on  the  selection  of  young  or  old  leaves,  and  special 
treatments  in  drying  and  otherwise  preparing  the  leaf,  rather 
than  on  essential  botanical  variation. 

The  varieties  of  tea  imported  into  this  country  are  extremely 
numerous ;  but  seldom  does  any  one  of  them  reach  tlie  consumer 
unmixed,  for  the  wholesale  tea  merchants  carefully  improve  their 
teas  by  "  blending."  The  most  common  sorts  are — Gunpowder, 
Hyson,  Congou,  Capers,  and  Indian  tea.  Of  these,  the  Gun- 
powder and  Hyson  are  dried  at  a  higher  temperature  than  the 
others,  and  contain  less  hygi-oscopic  moisture.  The  Capers  may 
be  generally  told  by  the  leaves  being  rolled  up  into  little  lumps 
with  starch  or  gum ;  as  a  class,  they  are  much  adulterated,  and, 
in  fact,  can  hardly  be  called  genuine  tea. 

Besides  these,  there  are  a  number  of  special  teas,  some  of  a 
very  high  price,  and  imported  in  a  state  of  great  purity;  but  such 
teas  are  wsed  almost  entii-ely  for  mixing  or  blending.*  They 
are  known  under  the  names  of  Moyone,  Moyone  gunpowdei', 

*  In  Cooper's  travels  ("Travels  of  a  Pioneer  of  Commerce,"  by  T.  T. 
Cooper,  London  1871),  there  is  an  intei'esting  account  of  the  brick  tea  used 
in  Thibet,  some  of  wliich  may  find  its  way  to  Russia,  but  none,  probably,  to 
this  country.  It  is  the  staple  produce  of  the  city  and  district  of  Yatzow, 
and  the  tree  from  which  it  is  prepared  attains  not  unfrecjueutly  the  height 
of  15  feet.  It  has  a  large  coarse  leaf,  and  is  cultivated  with  little  care, 
growing  along  the  borders  of  fields  and  homesteads.  There  are  three 
qualities  of  the  tea  :  the  first  is  gathered  in  June  and  July,  Avhen  the  leaf  is 
about  an  inch  long.  It  is  spread  out  in  the  sun  to  dry  slightly,  then 
roUed  in  the  hand  until  the  sap  begins  to  exude,  and  when  in  this  state 
made  up  into  balls,  and  laid  on  one  side  to  ferment.  After  fermentation,  it 
is  pressed  into  wooden  moulds,  and  dried  by  charcoal  fires.  The  bricks  on 
their  removal  from  the  moulds  are  enveloped  in  yellow  paper  covers,  bearing 
a  Government  stamp  and  the  trade  mark  of  the  exporter,  and  then  they  are 
packed  in  baskets  four  feet  long,  made  of  the  tliin  strips  of  the  bamboo. 
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Oolong,  Mannuna  Kaisow,  scented  Pekoes,  Indian  Souchong, 
Assam,  Java,  &c.  The  names  by  which  the  teas  of  commerce 
are  most  familial"  to  the  public  ai-e  simply  "  green  "  and  "  black," 
■which  differ  merely  in  accordance  -with  the  method  of  prepai'a- 
tion  followed.  Green  tea  is  prepared  from  young  leaves,  which 
are  roasted  over  a  wood  fire  within  a  hour  or  two  after  being 
gathered.  The  black  tea  leaves,  on  the  other  hand,  are  allowed 
to  lie  in  heaps  for  ten  or  twelve  hours  after  they  have  been 
plucked,  during  which  time  they  undergo  a  sort  of  fermentation; 
the  leaves  then  pass  through  certain  processes,  and  are  slowly 
dried  over  charcoal  fires. 

§  1 93.  Structure  of  the  Tea  Leaf. — The  border  is  serrated  nearly, 
though  not  quite,  lip  to  the 
stalk  (see  fig.  28).  The  primary 
veins  run  out  from  the  midrib 
almost  to  the  border,  and  then 
turn  in,  so  that  a  distinct  space 
is  left  between  them  and  the 
border.  The  diagnostic  mark 
of  a  tea  leaf  is,  however,  the 
microscopic  appearance  of  its 
epidermis,  which,  especially  that 
of  the  lower  side  (see  fig.  29), 
exhibits  numerous  small  stomata 
foi-med  of  two  reniform  cells  of 
an  average  length  of  -00075  inch, 
and  average  breadth  -000588 
inch.  Around  the  stomata  are 
seen  elongated  and  curved  epi- 
dermic cells.  This  appearance, 
so  far  as  is  known,  is  met  with 
only  in  the  tea  plant.  Stomata 
are  infrequent  on  the  upper  sur- 
face, the  epidermal  hairs  are 
simple. 

§  194.  Chemical  Composition  of  Tea.- 
are — Essential  oil,  theine,  boheic  acid,  qiiercetin,  tannin,  quercitrinic 
acid,  gallic  add,  oxalic  acid;  gum,  chlorophyll,  resin,  wax,  albuminous, 
woody,  and  colouring  matters,  and  ash.    Tho  essential  oil  of  tea 


Fig.  28. 


TEA  PLANT 


-The  constituents  of  tea 


The  bricks  thug  packed  form  a  "packet  of  tea,"  and  weigh  about  20  Ibg.  ; 
at  Llilasa,  this  quality  of  tea  sells  for  43.  8d.  ])er  II).  Tlie  second  variety 
consists  of  the  older  and  yellower  leaves  which,  when  exported  to  Lethang 
and  Bithang,  sell  for  Is.  Gd.  per  lb.  The  third  variety  is  merely  chopped 
twiws  stuck  together  by  rice  water,  and  is  only  used  iu  the  neighbourhood 
of  la-tsian-too,  where  it  is  sold  at  9d.  per  lb. 
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varies  from  0*6  to  1  per  cent.  It  is  citron-yellow,  lighter  than 
■water,  has  a  strong  odonr  of  the  tea  plant,  solidifies  easily  by 
■cold,  and  resinifies  on  exjjosure  to  air.* 


Fig.  29.  — Epidermis  of  Tea  Leaf,  x  300.    a  under,  b  upper  surface. 

Theine,  Caffeine,  CgH^^QN^Og. — This  alkaloid  was  first  separated 
in  an  impure  condition  by  Runge,  from  cofi'ee  berries,  in  the 
year  1820.  It  was  found  by  Corput  and  Stenhouse  also  to  be 
a  constituent  of  the  leaves  of  the  cofi'ee  tree.  Oudry  in  1827, 
finding  it  in  various  species  of  tea,  named  it  "  Theine,"  and 
Oudry's  "Theine"  Mukler  and  Jobst  showed,  in  1838,  to  be 
identical  with  caff"eine.  The  alkaloid  has  also  been  discovei'ed 
in  guarana,  mate,  and  the  kola  nut,  by  Martins,  Stenhouse,  and 
Attfield  respectively. 

Theine  crystallises  from  an  aqueous  solution  with  1  atom  of 
water ;  from  ether,  in  an  anhydrous  state.  It  sublimes  in  minute 
dots  at  78°-8,  in  crystals  at  79°-4  (175°  Fahr.),  and  above.t  The 

*  A  fixed  oil,  serving  many  purposes  in  China,  is  extracted  from  the  seeds 
of  the  tea  x^lant.  It  is  citron -yellow,  specific  gravity  0  927,  and  is  composed 
of  one  part  of  stearin  and  one  of  olein. 

t  The  subliming  point  given  by  Pelouse,  178°,  and  by  Mulder,  184°"7, 
must  have  been  obtained  by  extremely  faulty  methods.  If  a  little  theine  is 
placed  between  two  watch-glasses  on  the  water-bath,  the  almost  instantaneous 
rise  of  crystals  to  the  upper  glass  will  at  all  events  show  that  the  subliming 
point  is  below  100°.  See  the  author's  paper,  "Temperature  at  which  the 
Alkaloids  Sublime,"  Journal  of  Chemical  Society,  187S. 
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sublimate  consists  of  microscopic  needles  :  that  wliicli  is  first 
produced  is  of  extremely  fine,  light  elements ;  after  a  little  time, 
at  such  temperatures  as  120°,  the  crystals  become  longer  and 
larger.  The  melting  point  of  theine  is  somewhere  between 
177°  and  228°.  Theine  possesses  a  slightly  bitter  taste,  but 
is  without  odour.  According  to  a  recent  research,  the  solubility 
of  theine  in  different  solvents  is  as  shown  in  the  table  below. 

Theine  forms  numerous  salts  of  definite  composition — the 
hydrochlorates,  CgHiolSr^O,,  HCl  and  CgHjoN^Og,  2HC1 ;  a  plati- 
num compound,  CgHjoN^Og,  HCl,  PtClg ;  a  chloride  of  gold 
compound,  CgHjgN^Oj,  HCl,  AuClg ;  a  chloride  of  mercury 
compound,  CgHjoN^Oo,  2HgCl ;  an  argentic  nitrate  compound, 
CgHjQN^Og,  AgNOg,  and  many  others.  Some  of  these,  such  as 
the  silver  compound,  separated  from  a  concentrated  watery 
solution,  and  the  mercuiy  compound,  almost  insoluble  in  ether, 
and  capable  of  being  dried  at  100°,  might  possibly  be  of  use  in 
the  estimation  of  theine. 

Theine  is,  in  large  doses,  a  poison.  Frerichs,  C.  J.  Lehmann, 
Husemann,  and  others,  have  made  themselves  the  subject  of 
experiment.  Lehmann,  after  taking  -5  grm.,  suffered  from  fre- 
quency of  the  pulse,  irritation  of  the  bladder,  cerebral  excite- 


TABLE  XXII.— SOLUBILITY  OF  THEINE. 


Chloroform,  . 
Alcohol  of  85  per 

cent.,    .  . 
Water, .    .    .  , 
Absolute  Alcohol, 
Commercial  Ether, 
CarV)on  Bisulphide, 
Purified  Anhy- 
drous Ether, 
Light  Petroleum, 


100  grms.  of  Sol- 
yent  at  15°  to  17" 
dissolved  of 
Theine. 


W 


2-51 
1-47 

O-'il 


.a 
a 


12-97 

2-30 

r.35 
0-61 
0-19 
0  0585 

0-0437 

0-025 


Co-efficient  of 
Solubility  at  15° 
to  17°. 


1-40 
1-68 

1/476 


1/7-72 

1/44-4 

1/74-2 
1/1C4-7 
1/526 
1/1709 

1/2288 

1  /4000 


100  grms.  of  Sol- 
vent at  the  boil- 
ing point  dis- 
solved of  Theine. 


49-73 


19-02 

45-55 
312 
0-454 

0-3G 


Co-effloient  of 
Solubility  at  the 
boiling  point. 


1/2-01 
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ment,  sliglit  hallucinations,  and  lastly  desire  to  sleep.  Huse- 
mann  took  -25  grm.  with  somewhat  similar  symptoms.  Pratt, 
with  subcutaneous  injections  of  from  -12  to  '8  grm.,  suffered  from 
symptoms  rather  diflerent  from  the  foregoing ;  "3  grm.  lessened 
the  pulse  and  caused  sleeplessness ;  "4  to  -5  grm.  quickened  the 
pulse,  and  caused  a  desire  for  frequent  micturition,  but  no  dila- 
tion of  the  pupil ;  '8  grm.  caused  great  uneasiness  and  anxiety, 
trembling  of  the  hands  and  arms,  so  that  he  was  unable  to  write, 
and  later  a  restless  sleep,  with  continual  dreaming.  In  opposi- 
tion again  to  all  these  statements,  is  that  of  the  late  Mi\  Cooley,* 
who  is  said  to  have  taken  20  grains  (1-29  grm.)  of  pure  theine 
«very  day  for  a  month  without  experiencing  any  other  symptom 
than  some  slight  elevation  of  spirits.  According  to  Strauch,  the 
least  fatal  dose  for  cats  is  -25  grm.,  a  quantity  which  killed  a  cat 
in  35  minutes.  In  all  experiments  on  animals  there  has  been 
increased  frequency  of  the  heart's  action,  and  repeated  emptying 
of  the  bladder  and  intestine.  No  case  of  poisoning  in  the  human 
subject  appears  to  be  on  record.  When  given  to  animals  it  has 
been  chemically  separated  from  the  blood,  urine,  and  bile. 

Tests  for  Theine. — Concentrated  siilphuric  and  nitric  acids 
dissolve  theine  in  the  cold  without  the  production  of  colour.  If 
the  alkaloid  is  treated  with  fuming  nitric  acid,  and  evajiorated 
to  dryness,  the  reddish-yellow  residue  becomes,  when  moistened 
with  ammonia,  of  a  splendid  purple-red  colour.  If  a  solution  of 
theine  be  evaporated  with  chlorine  water  in  a  watch-glass,  a  red- 
brown  residue  is  obtained,  which  on  cooling,  and  exposure  to  the 
vapour  of  strong  ammonia,  becomes  purple-violet.  The  chief 
precipitants  of  tlieine  are — phospho-molybdic  acid,  yellow  preci- 
pitate ;  iodine  with  potassic  iodide,  dirty  brown  precipitate ; 
chloride  of  platinum,  yellow  hair-like  crystals,  insoluble  in  cold 
hydrochloric  acid,  slowly  separating ;  chlorides  of  gold,  mercury, 
and  nitrate  of  silver  also  give  precipitates. 

Bolieic  Acid,  C^H^QOg,  was  first  separated  by  Eochleder  in 
1847,t  from  the  leaves  of  Thea  sinensis.  The  hot  watery  decoc- 
tion of  tea  is  precipitated  whilst  boiling  by  sugar  of  lead,  filtered, 
the  filtrate  neutralised  by  ammonia,  the  I'esulting  precipitate 
collected,  suspended  in  absolute  alcohol,  and  freed  from  lead  by 
SHg;  the  filtrate  fi'om  the  lead  precipitate  is  evaporated  to  dry- 
ness in  a  vacuum,  and  purified  by  re-solution  in  water,  &c.  It  is 
a  pale  yellow  amorjjlious  powder,  melting  at  100°  into  a 
tenacious  mass,  and  decomposing  at  common  temperatures  if 
■exposed  to  the  air.    It  is  soluble  in  all  proportions  in  Avater  and 

*  Vide.  Cooley's  "Dictionary  of  Practical  Ecceipts,"  Art.  Caffeine, 
t  Eoclileder:  An7i.  Chan.  Fharm.,  Ixiii.  202. 
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alcohol,  is  coloured  brown  (but  not  precipitated)  by  chloride  of 
ii-on,  and  forms  for  the  most  part  amorphous  salts  insoluble  in 
water. 

Quercitrinic  Acid,  CggHgoO^y,  first  discovered  by  Chevreul  and 
Brandt  in  the  Quercus  tinctoria,  and  stated  by  Hlasiwetz  to  be  in 
tea  leaves,  can  be  crystallised  from  an  aqueous  solution.  It 
forms  sulphur  or  chrome-yellow  microscopic  tables,  containing  3 
atoms  of  water,  jjart  of  which  is  expelled  at  100°,  the  rest  at 
from  1G5°  to  200°.  Its  reaction  is  neutral,  and  it  is  without 
odour,  but  has  a  marked  bitter  taste  when  in  solution.  It  melts 
at  from  160°  to  200°  to  a  resinous,  amorphous  mass.  Its 
solubility  is  as  follows  : — Cold  water  2485,  boiling  143  ;  cold 
absolute  alcohol  23'3,  boiling  3-d;  ether  dissolves  it  slightly, 
warm  acetic  acid  copiously.  Sugar  of  lead  precipitates  almost 
completely;  the  jjrecipitate  is  soluble  in  acetic  acid. 

Quercetin,  first  obtained  by  Rigaud,  1854,  from  the  splitting  up 
of  quercitrinic  acid  is,  according  to  Filhol,  to  be  found  in  the 
green  leaves  and  flowers  of  all  plants.  Its  formula  is  given  as 
CgoHjgOjg  ')  forms  fine  yellow  needles,  or  a  citi^on-yellow  powder, 
which  gives  up  at  a  temperature  of  120°,  7  to  10  per  cent,  of 
water  of  cry.stallisation.  It  melts,  according  to  Zwenger  and 
Dronke,  above  250°  without  decomposition,  solidifying  again 
in  a  crystalline  mass,  and  it  may  be  also  sublimed  with  only 
partial  carbonisation.  It  is  very  little  soluble  in  watei*.  Warm 
acetic  acid  dissolves  it  copiously,  but  it  separates  on  cooling. 
It  is  soluble  in  229-2  parts  of  cold,  and  18-2  jiarts  of  hot 
absolute  alcohol.  A  solution  of  quercetin  colours  linen 
bright  yellow;  sugar  of  lead  pi-ecipitates  the  alcoholic  solution 
cherry  red,  and  chloi-ide  of  iron  dark  red.  A  combination  with 
sodium  or  potassium  can  be  obtained,  Na20,C27HjgOi2. 

The  other  constituents  of  tea,  such  as  gallic  and  tannic  acids, 
gum,  (fee,  are  too  well  known  to  need  description. 


ANALYSIS  OF  TEA. 

§  195.  "VVe  possess  no  complete  analysis  of  tea  ;  partial  analyses 
are  numerou.s.    An  often  quoted  one  \>j  Mulder  is  as  follows: — 

Black  Tea.  Groon  Ten. 

Essential  Oil  0  60  0-79 

Chlorophyll,  1'84  2-22 

Wax,   0  00  0  28 

Resin  .3()4:  2-22 

Gum,  7  28  8-56 
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Black  Tea.  Green  Tea. 

Tannin,   12-88  17 -80 

Theiue   0  46  0-43 

Extractive  Matter   21-36  22  80 

Colouring  Substances,      .       ,       .  19-19  23-60 

Albumen,   2-80  3-00 

Fibre,   28-33  17 -80 

Ash  (Mineral  Substances),       .       .        5-24  5*56 

The  theine  here  is  certainly  too  low,  but  the  amounts  of  the 
other  constituents  are  a  tolerably  just  representation  of  what 
may  be  usually  found.  Some  partial  analyses  recently  published 
by  Dragendorff  may  be  reproduced  here,  as  probably  the  only 
extended  and  trustworthy  researches  on  the  amount  of  theine, 
the  alkaloid  having  been  extracted  by  a  fairly  reliable  method. 
(_See  annexed  table.) 

The  time  is  probably  not  far  distant  when  the  tea  ti'ade  will 
buy  entirely  by  analysis,  supplemented  in  a  few  cases  by  a 
"  taster's  "  report.  An  experienced  jjalate  will  detect  particular 
flavours  which  analysis  may  fail  to  show  ;  but  a  fairly  complete 
chemical  examination  of  tea  is  of„the  highest  value,  whether  as 
a  guide  to  the  purchaser,  or  merely  to  show  its  freedom  from 
adulteration. 

Preliminary  Examination  of  Tea. — The  tea  leaves  should  be- 
soaked  in  hot  water,  carefully  unrolled,  and  their  shape  and 
structure  examined.  Sections  of  leaves  can  be  made  by  placing 
them  between  two  pieces  of  cork,  and  cutting  fine  slices  off  both 
the  cork  and  the  enclosed  leaf;  on  floating  the  sections  in  water, 
the  film  of  cork  may  be  readily  sepai-ated  from  the  leaf  The 
epidermis  of  the  lower  or  upper  surface  can,  with  a  little  practice, 
be  detached  in  small  portions  by  the  aid  of  a  sharp  razor,  and 
examined  in  water,  glycerine,  or  dammar  balsam,  under  the 
microscope.    Its  structure  has  been  already  detailed. 

§  196.  New  Process  for  the  Examination  of  Leaves  and  Vegetable 
Tissues  generally  under  the  Microsco2)e. — The  author  has  recently 
discovered  a  very  easy  process  for  examining  A'^egetable  leaves. 
A  portion  of  a  leaf  is  enclosed  between  two  of  the  thin  circles  of 
glass  used  by  all  microscopists,  and  a  weight  having  been  placed 
upon  the  upper  glass,  the  portion  of  leaf  thus  enclosed  is  heated 
with  a  strongly  alkaline  solution  of  permanganate  of  potash.  The 
action  begins  at  once,  and  the  substance  under  examination  must 
be  examined  from  time  to  time  to  see  that  the  oxidisation  does  not 
proceed  too  far.  Alkaline  permanganate  attacks  the  colouring- 
matters,  the  contents  of  the  cells  first,  and  afterwards  the  cell 
membranes;  the  object  of  this  treatment  is  to  make  the  leaf 
transparent,  and  yet  to  preserve  its  structure.  Tea  leaves  are 
very  opaque,  and  it  is  impossible  without  some  mechaiiical  or 
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1 

Price  per 
pound. 

■Water. 
Per  cent 

Constituents 
soluble  in 
Water. 
Per  cent 

Theiae  in 
percentage 
of  Xon-dried 
Tea. 

Nitrogen. 
Per  cent. 

Tannic  and 
Boheio  Acids. 
Per  cent. 

Constituents 
insoluble  in 
Water. 
Per  cent 

Ash. 
Per  cent 

Silica  and 
Sand. 

Percentage 
of  Ash,  minus 
Silica  and 
Sand. 

Ash  from 
insoluble 
Constituents. 
Per  cent. 

Potash. 
Per  cent 

TAm  ty^Q  'Visn  ~\ 

\\jix  tue  j.6a.j 

Potash. 
Per  cent 
[Uu  tne  Asn.j 

Phosphoric 
Acid. 
Per  cent. 
[On  the  Tea.] 

Phosphoric 
Acid. 

Per  cent. 
[On  the  Ash.] 

1. 

Yello-w  Tea, 

3- 

10-90 

35-5 

1-78 

6-72 

... 

53-6 

5-92 

1-64 

5-28 

2- 16 

2-53 

42-82 

109 

18-47 

o 

t 

o 

41 'i 

1-61 

51-8 

612 

0-35 

5-77 

1-99 

... 

... 

•  •• 

... 

1 

J>  • 

6- 

9  09 

38-8 

1-49 

... 

... 

52-2 

5-61 

0-27 

5-34 

2-12 

... 

... 

0-80 

16-65 

4. 

»» 

8- 

9-88 

36-5 

1-43 

6-60 

12-70 

53-7 

5-33 

0-85 

4-48 

2-79 

2-10 

39-55 

1-33 

25  02 

!  . 
1  a- 

Tea,  . 

2-50 

8-35 

33-5 

1-82 

6-02 

... 

58-2 

6-82 

0-85 

5-97 

2-74 

2-27 

33-40 

0-79 

11-65 

Q. 

>i 

99  • 

3- 

8-82 

39-9 

1-66 

... 

12-32 

51-3 

6-21 

0-98 

5-23 

2-50 

. .  ■ 

0-72 

11-67 

7. 

99 

99  • 

4-50 

7-92 

37-5 

1-61 

6-01 

... 

54-6 

5-78 

0-58 

5-20 

2-04 

2-48 

42-99 

0-77 

13-32 

& 

Hack 

Tea,  . 

1-20 

10-63 

44-5 

1-36 

4-15 

... 

44-9 

6-07 

0-99 

6-08 

2-89 

2-23 

36-88 

0-79 

13-11 

9. 

99  • 

1-40 

10-25 

32-4 

1-79 

... 

... 

57-4 

6-51 

0-83 

5-68 

3-68 

•  •• 

0-93 

14-30 

10. 

9  1 

9  9  ■ 

1-60 

10-43 

33-3 

1-65 

... 

... 

56-3 

6-00 

1-35 

4-65 

3-75 

•  •• 

0-83 

13-84 

IL 

5  ? 

99  • 

1-75 

9-98 

26-8 

1-89 

• 

63-3 

6-22 

0-89 

5-24 

3  04 

..  . 

... 

•  >  • 

12L 

99 

99 

2- 

9-47 

30-7 

2-08 

... 

9-42 

59-9 

5-62 

1-19 

4-43 

3-19 

•  •  • 

... 

1-03 

18-42 

13. 

•  J 

2-20 

10-70 

27-2 

2-11 

... 

... 

62-1 

6  18 

1-11 

5-70 

... 

... 

... 

1-14 

18-54 

14. 

JI 

^  ou 

i.u  yy 

5-26 

• "  • 

61-9 

5-78 

0-98 

4-80 

2-79 

1-97 

34-19 

1-11 

17  "25 

15. 

Flower  Tea  ) 
(Blumen  Thee)  | 

2-20 

9-46 

29-1 

2-12 

... 

... 

67-5 

6  15 

1-03 

5-12 

2  69 

2-28 

37-94 

0-88 

14-42 

16. 

rt 

99  • 

2-50 

8-79 

.30  0 

2-13 

4-75 

... 

61-3 

5-89 

1-12 

4-77 

3-15 

■  •  • 

0-87 

14-79 

li. 

r> 

99  • 

2-70 

10-51 

29-4 

1-81 

... 

60-1 

5-62 

0-92 

4-70 

2-32 

•  •  • 

1-27 

19-92 

IS. 

95  • 

3- 

12-66 

24-8 

1-79 

... 

... 

62-6 

5-66 

0-83 

4-83 

2-47 

•  •  • 

0-94 

16-71 

19. 

99 

99 

3-20 

12  00 

26-7 

1-95 

... 

... 

61-3 

6-20 

0-97 

5-23 

2-47 

... 

104 

16-88 

20. 

S  9 

J9 

3-50 

11  09 

30-5 

1-79 

... 

... 

58-5 

6-57 

0-97 

5-60 

2-45 

•  <  • 

... 

0-94 

14-43 

,  2L 

9  3 

S9 

4- 

10 -.36 

31-2 

2  02 

... 

58-5 

5-45 

0-89 

4-56 

2-38 

... 

... 

1-24 

22-83 

,  22. 

99 

99  • 

•5 

10-72 

31-9 

2-68 

11 -24 

57-4 

5-48 

/O 

1  Zl 

23. 

;  9 

7 

11  05 

32-8 

3-09 

5-19 

57-2 

5-83 

0-54 

5-29 

1-99 

2-23 

38-24 

1-56 

25-64 

i 

Obseevations, 


Length  of  leaf,  25  to  47  mm. ;  only  a  few  entire 

leaves;  buds  of  8  ram.  diameter. 
Length  of  leaf,  30  to  40  mm. ;  only  a  few  entire 

leaves. 

Many  broken  stalks,  with  folded  undeveloped 
leaves;  buds  3  to  5  mm.  diameter;  length  of 
leaf,  21  mm. 

Buds  and  points  of  leaves  still  less  developed ;  but 
few  entire  leaves. 

Full  grown,  but  not  leathery  leaves ;  most,  it  would 
appear,  halved  by  design ;  absence  of  buds.  JSo. 
5  more  compact  than  the  others ;  coloured  blue, 
and  slightly  rolled.  No  6.  is  in  rolled  little 
balls ;  No.  7  in  cylinders. 

Mostly  old  leaves;  much  divided. 


Old  leaves,  but  little  powdered ;  mostly  in  halves. 
11  and  12  are  less  compact  than  the  rest,  so 
that  by  a  little  soaking  in  water  they  are  easily 
powdered. 


Mostly  not  fully  grown ;  halved;  rather  thin  leaves. 


i Similar  to  the  above ;  a  few  stalks  as  Nos.  3  and  4; 
No.  16  has  somewhat  more  numerous  stalks 
than  15. 


.  Cut,  half-developed  leaves ;  a  few  stalks  and  buds. 


Young  leaves  without  buds. 
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chemical  treatment  to  render  them  transj^arent.  When  from  the 
ai^pearance  of  the  leaf-fragment  the  oxidation  is  considered 
suiEcient,  it  is  removed,  washed  in  water,  and  treated  with  a 
little  strong  hydrochloric  acid,  which  at  once  dissolves  the 
manganese  oxide  that  has  been  precipitated  on  the  leaf,  and 
leaves  the  latter  as  a  translucent  white  membrane,  in  which  the 
details  of  structure  can  be  readily  made  out — -tea-leaf  in  this  way 
being  quite  different  in  appearance  from  other  leaves.  A  second 
method  of  very  great  value  is  to  place  a  fragment  of  a  leaf  between 
two  circles*  of  glass,  weight  the  upper  one  with  a  silver  coin,  and 
burn  on  a  bit  of  sheet  platinum  the  leaf  thus  prepared.  Since  it 
is  impossible  for  the  ash  to  curl  up  and  become  disarranged,  a 
complete  skeleton  of  siliceous  ash  remains,  which  may  be  called 
"  the  skeleton  ash." 


Fig.  30.  —Ash  of  Tea  Leaf,  Fig.  31.— Ash  of  Sloe  Leaf, 

X  170.  X  29. 


i'lg.  [>•!.  -An\i  ut  Lime,  Fig.  ."^3. — Ash  of  Tobacco 

X  29.  Leaf  (Cigar),  x  29. 

These  skeleton  ashes  of  leaves  (so  far  as  the  author  lias 
hitherto  been  able  to  investigate  the  subject),  show  such  de- 
cided differences  the  one  from  the  otlier,  that  a  great  number 
of  leaves  may  with  a  little  practice  be  recognised  by  this 
*  That  is,  the  covers  of  thin  glass  used  by  the  microscopist. 

22 
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method  alone.  [It  is  particularly  useful  in  detecting  the  adult- 
erations of  tobacco,  the  skeleton-ash  of  the  tobacco-leaf  being 
special  and  jJeculiar.]  It  is  sometimes  well  not  to  burn  to  an 
absolute  ash,  but  to  leave  little  bits  of  partially  consumed  carbon, 
foi-ming  objects  for  the  microscope  of  great  beauty.  To  preserve 
the  "  skeleton-ash  "  the  two  circles  may  be  cemented  together,  or 
the  edges  may  be  fused  by  the  flame. 

Figs.  30,  31,  32,  and  33  are  examples  of  sheleton  ashes,  as 
drawn  on  the  block  to  scale. 

§  197.  Chemical  Method  for  the  Detection  of  Foreign  Leaves  in 
Tea. — A  chemical  method  for  the  detection  of  foreign  leaves 
(adulterants)  was  first  described  by  the  writer  in  June,  1877.* 
It  is  based  upon  two  facts — firstly,  that  every  part  of  a  tlieine- 
producing  plant — wood,  stem,  leaf,  flowers,  and  even  hairs — 
contains  the  alkaloid;  and,  secondly,  that  this  can  be  readily 
sublimed.  The  leaf,  or  fragment  of  a  leaf,  is  boiled  for  a  minute 
in  a  watch-glass  with  a  very  little  water,  a  portion  of  burnt 
magnesia  equal  in  bulk  is  added,  and  the  whole  heated  to 
boiling,  and  rapidly  evaporated  down  to  a  large-sized  drop. 
This  drop  is  transferred  to  the  "  subliming  cell,"  described  in 
the  second  volume  of  this  work,  and  if  no  crystalline  sub- 
limate be  obtained,  when  heated  up  to  110°  (a  temperature  far 
above  the  subliming  point  of  theine),  the  fragment  cannot  be 
that  of  a  tea  plant.  On  the  other  hand,  if  a  sublimate  of  theine 
be  obtained,  it  is  not  conclusive  evidence  of  the  presence  of  a 
tea  leaf,  since  other  plants  of  the  camellia  tribe  contain  the 
alkaloid. 

Finally,  there  is  a  negative  test  which  may  occasionally  be 
valuable.  All  fragments  of  tea  hitherto  examined  contain  man- 
ganese, and  there  are  a  few  foreign  leaves  in  which  manganese  is 
constantly  absent.  Hence,  if  a  leaf  be  burnt  to  an  ash,  and  a 
fragment  of  the  ash  be  taken  up  on  a  soda-bead,  to  which  a  little 
potassic  nitrate  has  been  added,  the  absence  of  the  green  man- 
ganate  of  soda  would  be  sufiicient  evidence  that  the  leaf  had  not 
been  derived  from  the  tea  plant,  while  conversely,  as  in  the  case 
of  theine,  it  does  not  in  itself  prove  it  to  be  tea. 

Another  portion  of  the  tea  leaves  should  be  thoroughly  bruised, 
spread  on  a  glass  plate,  and  carefully  searched  with  a  magnet  for 
ferruginous  particles — the  so-called  iron-filings,  which  are  occa- 
sionally found,  especially  in  Capers  and  certain  species  of  Congou. 
It  is  almost  unnecessary  to  state  that  the  black,  irregular  masses 
found  in  tea,  and  attracted  by  a  magnet,  are  not  metallic  iron.t 

^Micro-Chemistry  as  applied  to  the  identification  of  tea  leaves.  Analyst, 
t  Mr.  Allen  appears  to  have  found  metallic  iron  in  tea.    The  test  for 
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Their  chemical  composition  is  somewhat  variable ;  they  all  con- 
tain magnetic  oxide  of  iron,  and  many  of  them  in  addition  phos- 
phate of  iron,  titanate  of  iron,  quartz,  and  mica,  with  a  little 
sand.  They  are,  without  doubt,  sometimes  an  adulteration  (the 
author  has  himself  found  over  1  per  cent.),  and  sometimes  an 
impurity,  for  in  a  few  teas  mere  traces  only  of  this  ferruginous 
sand  may  be  discovered.  Any  pai-ticles  of  the  kind  extracted  by 
the  magnet  should  be  collected  and  treated  with  hot  water,  which 
soon  disintegrates  them ;  the  adherent  tea-dust  is  separated,  and 
the  sand  dried  and  weighed. 

To  detect  facing,  the  tea  in  its  dried  state  should  be  mounted 
as  an  opaque  object.*  If  it  has  the  appeai-ance  of  being  heavily 
faced,  soaking  in  warm  water  will  soon  detach  the  film  ;  and 
indigo,  Prussian  blue,  or  similar  substances  will  sink  to  the 
bottom,  and  may  be  collected  and  examined.  Indigo  may  be 
identified  by  the  microscope.  Prussian  blue  may  be  tested  for 
by  warming  the  dej^osit  with  caustic  alkali,  filtering,  acidifying 
the  filtrate  with  hydrochloric  acid,  filtering  again  if  necessary, 
and  testing  the  filtrate  with  ferric  chloride.  The  residue  left 
after  treatment  with  caustic  alkali  may  be  tested  for  magnesium 
silicate,  by  first  extracting  with  HCl,  and  then  collecting  the 
insoluble  residue,  and  fusing  it  with  an  alkaline  cai'bonate.  The 
silica  is  now  separated  in  the  usual  way  by  evaporation  with 
HCl  to  dryness,  subsequent  solution  in  weak  acid,  and  filtration ; 
any  lime  is  removed  by  ammonia  and  ammonic  oxalate  ;  and 
lastly,  magnesia  is  precipitated  as  ammon.  mag.  phosphate. 
Magnesia  found  under  these  circumstances  must  have  been 
present  as  steatite  or  other  magnesian  silicate. 

metallic  iron  is,  that  nitric  acid,  1  '2  specific  gravity,  dissolves  it  with  the 
production  of  red  fumes  ;  it  also  precipitates  metallic  copper,  if  added  to  an 
acidulated  solution  of  cupric  sulphate. 

*  The  facing  of  tea  is  thus  described  by  M.  S.  Julien  :  "  The  leaves  are 
mixed  either  with  powdered  indigo,  with  powdered  plaster,  or  with  slaked 
lime,  sometimes  even  all  three  substances  being  ]nit  together  in  small  pro- 
portion to  tea  leaves.  These  matters  are  introduced  into  the  basins  at  the 
commencement  of  the  operation,  when  the  leaves  begin  to  be  covered  with  a 
light  dew  under  the  influence  of  heat.  These  matters  attach  themselves  to 
the  leaves,  and  communicate  to  them  the  bluish-green  characteristic  of  green 
tea.  ...  In  certain  manufactories  Prussian  blue  is  used  instead  of 
indigo."  "Industries  Anciennes  et  Modcrnes  de  I'Empirc  Chiuois,"  par 
MM.  Stanislaux  Julien  et  0,  Champion.    Paris,  1869. 
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LEAVES  USED,  OR  SUPPOSED  TO  BE  USED, 
AS  ADULTERANTS. 

§  198.  The  following  is  a  bi'ief  description  of  the  principal 
leaves  supposed  to  be  used  as  adulterants  :  — 

Beech  [Fagtcs  sylvatica). — The  leaves  of  the  beech  are  ovate, 
glabrous,  obscurely  dentate,  ciliate  at  the  edges,  the  veins 
running  parallel  to  one  another  right  to  the  edge.  The  leaf, 
slightly  magnified,  is  seen  to  be  divided  into  quadrilateral 
spaces  by  a  network  of  transparent  cells.  On  section,  the 
parenchyma  of  the  leaf  is  found  to  consist  of  an  upper  layer  of 
longitudinal  cells,  and  a  lower  of  loose  cellular  tissue,  enclosed 
between  the  epidermis  of  the  upper  and  under  surface. 
The  whole  section  is  thus  divided  into  oblong  spaces  by  trans- 
parent cells  connecting  the  cuticle  of  the  upper  and  lower  sur- 
faces. The  epidermis  of  both  the  upper  and  lower  surfaces  is 
composed  of  cells  with  an  extremely  sinuous  outline  (see  fig.  34). 
The  stomata  are  small,  not  numerous,  and  almost  round.  Beech 
leaves  contain  manganese. 


Fig.  34. — Epidermis  of  Beech  Leaf,  X  300. 

Hawthorn  {Cratcegus  oxyacantha). — At  least  two  varieties,  ^the 
more  comiuon  of  which  is  the  C.  monogyna,  with  obovate  tliree- 
to  four-deeply  lobed  leaves,  with  the  lobes  acute.    The  leaf  is 


§  198.] 


ADULTERANTS  OF  TEA. 


325 


divided  into  quadrilateral  spaces,  like  the  beech  and  many  otlier 
leaves,  by  a  transparent  network.  The  epidermis  of  the  upper 
surface  is  composed  of  a  layer  of  thin-walled  cells,  generally 
quadrilateral,  outline  seldom  sinuous.  The  epidermis  of  the 
lower  surface  has  a  layer  of  thin- walled  cells,  with  a  very  sinuous 
outline.  Stomata  large,  distinct,  and  numerous,  in  many  instances 
nearly  round,  but  the  shape  mostly  oval.    (See  fig.  35.) 


Fig.  35. — Epidermis  from  the  Under  Surface  of  the  Hawthorn 

Leaf,  x  300. 

Camellia  Sassanqua. — The  leaves  of  Camellia  sassanqua  are 
oval,  obscurely  serrate  (the  younger  leaves  entire),  dark  green, 
glabrous,  of  somewhat  leathery  consistence ;  the  lateral  veins  of 
the  leaf  are  inconspicuous. 

Micro-structure. — The  parenchyma  of  the  leaf  is  placed  between 
two  thickened  epidermal  layers  ;  the  epidermis  of  the  upper  sur- 
face, as  seen  upon  a  section,  forms  a  wrinkled,  continuous,  thick 
membrane,  in  which  a  cellular  stru.cture  is  not  very  evident. 
Below  this  there  are  two  or  three  layers  of  large  cells,  more  or  less 
oblong,  with  their  long  diameter  at  right  angles  to  the  surface  of 
the  leaf;  and  underneath  this  again  is  a  loose  network  of  cells, 
resting  upon  an  epidermis  in  every  respect  similar  to  that  of  the 
upper  surface,  but  only  half  as  thick.  A  thin  layer  of  either  the 
upper  or  lower  epidermis  shows  a  jieculiar  dotted  or  reticulated 
appearance,  not  \inlike  the  rugte  of  a  stomach.  The  lower 
epidermis  is  studded  with  frequent  stomata,  small,  and  of  an 
oblong  shape  (see  fig.  36). 

Sloe  {Prunus  communis). — The  leaves  of  the  common  sloe  aio 
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Pig.  36. — Epidermis  of  Under  Surface  of  the  Leaf  of  the  Camellia 

Sassanqua,  X  300. 

rather  small,  elliptic  or  ovate-lanceolate  in  shape,  and  slightly 
downy  beneath.    The  sectional  thickness  of  the  leaf  is  the  same 


Fig.  37.— Section  of  Sloe  Leaf,  x  300. 
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as  that  of  tea.  The  stomata  on  the  lower  surface  are  scanty.  The 
microscopical  appearances  are  wholly  different  from  those  of  tea 
leaves,  more  especially  as  seen  in  section.    (See  fig.  37.) 

Chloranthus  Inconspicuus. — The  leaves  of  the  Chlo7'anthus  in- 
consjncuus  are  long,  oval,  serrate,  wrinkled,  the  veins  running 
nearly  to  the  edge,  and  there  forming  a  network  in  such  a  manner, 
that  at  the  point  of  intersection  little  knots  are  formed,  which 


Fig.  38. — (a)  Epidermis  or  Under  Surface  of  the  Leaf  of 
CnLORANTHUs  Inconspicuus,  X  300. 
(6)  Section  near  Edge. 
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give  the  margin  of  the  leaf  a  very  rough  feeling.  The  structure 
of  the  leaf  is  very  simple.  The  epidermis  of  the  upper  surface  is 
formed  of  one  or  two  layers  of  thin-walled  cells,  the  epidermis 
of  the  lower  of  one  or  two  layers  also  of  cells,  and  between  the 
two  there  is  a  parenchyma  of  loose  cellular  tissue.  The  stomata 
are  oval  and  rather  numerous  •  their  length  is  from  -OOIO  inch, 
their  breadth  -00073  inch.  The  cells  of  the  epidermis  are  large, 
some  of  them  -005  inch  or  more  in  their  long  diameter.*  (See 

fig- 38-) 

§  199.  Chemical  Analysis.  —  The  preliminary  examination  of 
the  tea  having  been  concluded,  the  sample  is  next  submitted 
to  chemical  analysis.  If  the  question  to  be  decided  is  simply 
that  of  adulteration,  the  taste  of  the  infusion,  the  percentage  of 
extract,  and  a  detex'mination  of  the  chief  constituents  of  the  ash 
are  in  most  cases  all  that  is  necessary;  but  a  more  or  less  complete 
examination  embraces  a  quantitative  estimation  of  hygroscopic 
moisture,  theine,  total  nitrogen,  tannin,  extract,  gum,  and  ash. 

§  200  Hygroscopic  Moisture. — The  ordinary  method  of  taking 
the  hygroscopic  moisture  of  tea  is  to  powder  as  finely  as  possible 
an  indeterminate  qviantity  of  from  1  to  2  grms.,  and  to  heat  it 
in  a  watch-glass  over  the  water-bath  until  it  ceases  to  lose  weight. 
It  should  be  finally  weighed  between  two  watch-glasses,  since  it 
rapidly  absorbs  moisture  from  the  air. 

The  method  given  is  in  its  results  incorrect,  since  some  volatile 
oil  and  a  small  proportion  of  theine  are  always  volatilised.  That 
theine  is  actually  lost  is  capable  of  rigid  demonstration ;  it  is 
only  necessary  to  heat  a  few  leaves  of  tea  between  two  watch- 
glasses  over  the  water-bath,  and  theine  crystals  can  be  readily 
discovered  by  the  microscope.  To  devise  a  process  of  drying  tea 
which  will  represent  water  only  is  easy  ;  but  since  the  loss  both 
of  volatile  principles  and  theine  does  not  materially  afi'ect  the 
results,  it  is  scarcely  worth  while  to  complicate  the  analysis  by 
the  use  either  of  a  lower  temperature  or  of  processes  of  absorp- 
tion. The  highest  amounts  of  moisture  in  a  genuine  tea  which 
are  on  record  are  two  specimens  from  Cachar,  analysed  by  Pro- 
fessor Hodges — the  one  (indigenous)  gave  16-OG  per  cent.,  the 
other,  a  hybi-id,  16-2  per  cent.  These  were,  however,  not  com- 
mercial teas,  and  appear  to  have  been  simply  di-ied  in  heated 
rooms.    The  average  hygroscopic  moisture  found  by  Mr.  Wigner 

*  The  leaves  of  Epllohium  aiiffustifolium  (common  loilloio  herb)  are  said  to 
be  extensively  used  in  Russia  for  the  adulteration  of  tea.  The  dried  leaves 
are  sold  for  from  four  to  six  roubles  a  pound,  and  are  used  by  the  poorer 
classes  in  the  place  of  tea.  Alcohol  produces  in  infusions  of  epilobium  a 
precipitate  of  mucilage.— PAarm.  Zeltsch.  fur  Russland  aud  Year-Book  of 
Jrharmacy,  1S76. 
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in  thirty-five  teas,  consisting  of  Hysons,  Capers,  Souchongs,  Gun- 
powders, and  others,  was  7 "67  per  cent.,  the  driest  teas  being  the 
Hysons  and  Gunpowders,  the  moistest  the  Congous  : — 

Per  ceut. 

The  maximum  amount  of  moisture  found  in  Hyson,    .  5  '68 

The  minimum  ,,  ,,  ,,         .  4'84 

The  maximum         ,,  ,,  Gunpowder,  6  55 

The  minimum         ,,  ,,  ,,  4  "94 

The  maximum         „  ,,  Congou,   .  10 '33 

The  minimum         ,,  ,,        .  6  "36 

§  201.  The  Estimation  of  Theine  or  Caffeine. — The  modex-n  pro- 
cesses for  extracting  theine  fall  chiefly  under  three  heads  : — 

(1.)  Extraction  by  ireatinrj  a  decoction  of  the  theine-containing 
substances  with  lime  or  burnt  magnesia,  evaporation  to  dryness,  and 
subsequent  solution  of  the  alkaloid  by  chloroform,  ether,  or  benzine. — 
The  fundamental  idea  of  this  process,  perhaps,  belongs  to  Miiller  ; 
it  has  also,  with  various  modifications,  been  recommended  by 
Clous,  Commaille,  Dragendorfi",  and  many  other  chemists. 

Commaille  adopts  the  following  method  : — 5  grms.  of  the  finely 
powdered  and  carefully  sifted  substance  are  made  into  a  hard 
paste  with  1  grm.  of  calcined  magnesia.  This,  after  standing 
for  twenty-four  hours,  is  dried  upon  a  water-bath  and  powdered. 
The  resulting  green  powder  is  exhausted  three  successive  times 
in  a  flask  with  boilincr  chloroform,  the  flask  beins;  connected 
with  an  inverted  Liebig's  condenser,  so  that  the  action  may  be 
continued  for  a  long  time.  The  cool  solution  is  filtered,  the 
chloroform  recovered  by  distillation,  and  the  residue  in  the  flask 
dried.  This  residue  consists  of  resinoiis  fatty  matters  and 
theine;  the  former  are  removed  by  treating  the  contents  of  the 
flask  with  hot  water  and  10  grains  of  jiowdered  glass,  which 
have  been  jireviously  washed  with  dilute  hydrochloric  acid. 
The  water  is  boiled  and  the  contents  shaken  up  with  the  glass ; 
the  resinous  matters  attach  themselves  to  the  latter  in  the  form 
of  little  globules.  The  solution  is  poured  on  a  wet  iilter,  and 
the  residue  completely  exhausted  by  repeated  boiling  with  fresh 
quantities  of  watei\  On  evapoi-ating  the  united  filtrates  in  a 
tared  capsule,  pure  cafl'cine  is  left  in  the  form  of  white  crystals. 

Dragendorfi"  takes  5  grms.  of  the  substance,  exhausts  it  with 
boiling  water,  (svaporates  to  dryness,  adding  2  grms.  of  burnt 
magnesia  and  .')  of  ground  glass;  the  finely  ])owdercd  residue  is 
soaked  in  GO  cc.  of  ether  for  twenty-four  hours,  and  finally 
thoroughly  exhausted  by  ether.  The  latter,  when  separated  and 
evaporated,  leaves  the  theine  in  a  tolerably  pure  state.  He  also 
states  that  ether  may  be  replaced  by  chloroform.  Cax.eueuve 
and  Caillot  recommend  a  very  similar  process,  but  magnesia  is 
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replaced  by  recently  slaked  lime,*  ether  by  chloroform.  Markow- 
nikoff  uses  benzine  instead  of  the  solvents  mentioned. 

In  all  the  above  processes  there  is  one  source  of  error  which 
does  not  appear  sufficiently  guarded  against — viz.,  loss  of  theine 
during  the  evaporation  to  dryness,  since  it  is  absolutely  impossible 
to  evaporate  a  decoction  of  tea  and  magnesia  to  dryness  at  100° 
without  loss  of  tlie  alkaloid — a  loss  which,  so  far  as  the  author's 
experiments  go,  does  not  take  place  until  the  mixture  is  quite 
dry.  The  following  modification  may  therefore  be  proposed  : — 4 
to  5  grms.  of  the  tea  are  boiled  in  a  fiask  provided  with  an  inverted 
Liebig's  condenser  for  a  coviple  of  houi-s,  the  liquid  and  leaves 
are  transferred  to  an  evaporating  dish,  some  magnesia  added, 
and  the  whole  concentrated  to  a  pasty  condition.  This  paste  is 
treated  and  thoroughly  exhausted  by  chloroform  ;  the  latter  is 
separated  and  evaporated,  and  the  chloroformic  extract  redis- 
solved  in  a  little  boiling  water,  the  solution  filtered,  evaporated 
to  dryness  at  a  very  gentle  heat,  and  weighed. 

(2.)  Simple  Treatment  of  the  poiodered  Leaves  by  Solvents. — Legrif 
and  Petit  soften  the  leaves  first  with  boiling  watei',  and  then 
extract  the  moist  mass  by  the  aid  of  chloroform.  Other  chemists 
simply  exhaust  the  powdered  substance  by  chloroform  or  ether; 
subsequent  ptii-ification  may,  of  course,  be  necessary. 

(3.)  Sublimation. — A  method  of  utilising  tea  dust  by  making 
it  a  source  of  theine,  was  recommended  by  Heijnsius  (Joum. 
Prac.  Chem.,  xlix.  317).  The  tea  dust  was  simply  treated  in  a 
Mohr's  benzoic  acid  subliming  apparatus.  Stenhouse  improved 
this  process  by  precipitating  either  a  spirituous  extract,  or  a 
decoction  of  tea  by  acetate  of  lead,  evaporating  the  filtrate  to 
dryness,  mixing  the  residue  with  sand,  and  subliming.  These 
processes  of  sublimation,  however,  were  proposed  simply  for  the 
extraction,  not  the  estimation,  of  theine. 

The  writer,  in  1877,t  proposed  the  following  quantitative 
method  of  sublimation  : — A.  convenient  quantity  of  the  tea  was 
boiled  in  the  way  mentioned,  magnesia  added,  and  the  whole 
evaporated  to  a  paste,  which  was  spread  on  a  thin  iron  plate,  and 
covered  with  a  tared  glass  funnel.  The  heat  at  first  was  very 
gentle,  but  was  ultimately  raised  at  the  later  stages  of  the  pro- 
cess to  200°.  The  theine  sublimes  perfectly  pure  and  anhydrous, 
and  forms  a  coherent  white  coating  on  the  sides  of  the  funnel ; 
the  increase  of  weight  is  simply  anhydrous  theine.  To  ensure 
success  it  is  absolutely  necessary — 

(1.)  That  the  layer  be  as  thin  as  possible. 

*  The  present  writer  does  not  believe  that  magnesia  can  be  replaced  with 
hme  without  loss  of  theine  from  decomposition, 
t  Op.  cit. 
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(2.)  That  the  heat  be  only  gradually  increased. 

(3.)  That  the  mixture  be  occasionally  cooled,  and  then 
thoroughly  stirred. 

(4.)  That  the  sublimation  be  prolonged  for  a  sufficient  time. 

The  sublimation  is  finished  when  a  funnel,  inverted  over  the 
substance,  heated  to  about  150*^,  and  left  for  half  an  hour,  shows 
no  crystals. 

An  improvement  on  this  process  is  to  place  the  paste  on  a 
ground  glass  plate,  to  which  a  flanged  funnel  has  been  ground 
so  as  to  lit  aii--tight.  The  apparatus  is  then  connected  with  a 
Lane-Fox  mercury-pump,  and  an  absolute  vaciium  produced. 
By  the  aid  of  a  shallow  sand-bath,  the  theine  may  be  sublimed 
at  a  very  gentle  heat. 

§  202.  Determination  of  Total  Nitrogen. — Peligot,  and  Wanklyn 
as  well,  has  laid  particular  stress  on  the  large  amount  of  nitrogen 
contained  in  tea  leaves.  This  nitrogen  is,  of  course,  largely 
dependent  on  the  theine,  and  it  is  questionable  whether,  with 
the  improved  methods  for  the  extraction  of  the  latter,  it  is- 
worth  while  to  make  a  combustion,  more  especially  as  the 
exhausted  leaves  are  highly  nitrogenous,  from  the  presence  of 
an  albuminous  body.  The  process  is  conducted  in  the  usual 
way  in  a  combustion  tube,  and  best  with  copper  oxide.  The 
following  are  a  few  detei'minations  of  total  nitrogen  ; — 

Per  cent 

A  sample  of  gemiine  tea  from  Cachar,  .  4'74 
A  hybrid  variety,  do.,      .       2 '81 

Another  sample  from  Cachar,  .  .  4 '42 
Sample  taken  from  (50  green  teas  sliglitly  )  q  t 

faced,  5  "^'"^ 

GO  Black  teas,  3-26 

6  Assam  teas,       .....  3'64 

6  Caper  teas,  3 '.32 

Assam  tea,  from  Ur.  M'Namara's  garden,  3"8S 
Sample  of  exhausted  leaves,  .       .        .       3  "SO 

Mr.  Wanklyn  has  applied  his  ammonia  process  to  the  examina- 
tion of  tea.  The  soluble  matter  from  100  mgrms.  of  tea  is  heated 
with  a  10  per  cent,  solution  of  potash  in  a  flask  fitted  to  a  proper 
condenser,  until  all  the  ammonia  is  distilled  over.  It  may  be 
necessary  to  add  water  once  or  twice,  and  redistil ;  then  50  cc.  of 
a  strongly  alkaline  solution  of  permanganate  of  jiotash  arc  added 
and  distilled ;  the  ammonia  in  the  distillates  is  estimated  by 
"  Nessl  erising."    Mr.  Wanklyn  gives  the  following  figures  as- 


yielded  by  a  genuine  tea — 

MgrniB. 

Free  Ammonia,  0-28 

Albuminoid  Ammonia,       .       .       .       .       .       .  0-43 


Analysed  by 
Hodges. 

) » 

M 

Wigner. 
» » 
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100  mgrms.  of  genuine  tea,  sent  to  the  writer  by  Dr.  Shortt, 
of  Madras,  yielded  total  ammonia  -81  ;  but  this  is  a  method 
which  has  not  been  accepted  by  chemists,  although  it  has  some 
vahie. 

§  203.  Determination  of  Tannin. — The  methods  proposed  for 
the  determination  of  tannin  are  very  numerous.  Four  only, 
however,  require  any  notice  here — viz.,  the  gelatine  process,  the 
copper  process,  Mr.  Allen's  acetate  of  lead  process,  and  Lciwen- 
thal's  process. 

(1.)  By  Gelatine. — The  best  process  by  gelatine  is  decidedly 
that  which  dispenses  with  the  drying  and  weighing  of  the  pre- 
cipitate. A  solution  of  gelatine  is  carefully  made  by  first  soak- 
ing the  gelatine  in  cold  water  for  twelve  hours,  then  raising  the 
heat  to  100° J  by  placing  the  bottle  on  the  water-bath  (the 
strength  should  be  about  three  per  cent.),  and  finally  about  -8  per 
cent,  of  alum  should  be  added.  A  portion  of  the  solution  thus 
prepared  is  put  into  an  alkali  meter  flask  {e.g.,  Schuster's),  and 
carefully  weighed.  A  solution  containing  a  known  quantity  of 
tannin  is  now  titrated  with  the  gelatine  until  a  precipitate  no 
longer  occurs  ;  the  flask  is  reweighed,  and  the  loss  shows  ajjproxi- 
mately  the  strength  of  the  solution.  One  or  two  more  exact 
determinations  will  be  required  to  get  the  correct  value.  It  is 
necessary  to  allow  the  precipitate  now  and  then  to  settle,  and  a 
few  drops  of  the  supernatant  fluid  should  be  placed  on  a  watch- 
glass,  to  which  a  drop  of  gelatine  may  be  added,  and  thus  the 
point  of  saturation  ascertained.  The  tannin  in  a  decoction  of  tea 
is,  of  coui'se,  estimated  on  precisely  similar  principles. 

(2.)  Copper  Process. — When  a  single  determination  of  tannin  is 
I'equired  it  is  best  to  precipitate  by  copper-acetate.  2  grms.  of 
tea  ai'e  boiled  for  an  hour  in  100  cc.  of  water,  the  solution  fil- 
tered, the  filtrate  boiled,  and  while  boiling  20  to  30  cc.  of  solution 
of  copper  acetate  [1  :  20]  added.  The  precipitate  is  collected,  dried, 
burnt  to  an  ash,  oxidised  with  nitric  acid,  and  again  ignited  and 
weighed.  1  grm.  of  CuO  =  1-3061  of  tannin,  if  Eelei-'s*  figures 
be  accepted  ;  if  Woolf's,f  then  1  grm.  CuO  =  1  -304  tannin. 

(3.)  Mr.  Allen's  Lead  Process. — A  filtered  solution  of  lead  acetate 
■5  per  cent.,  a  solution  of  5  mgrms.  of  pot.  ferridcyanide,  5  cc.  of 
strong  ammonia  water,  and  5  cc.  of  jiure  water,  and  lastly,  solu- 
tion of  pure  tannin  ("1  per  cent.)  are  required.  The  process 
essentially  depends  upon  the  precipitation  of  tannin  by  lead 
acetate,  and  using  ammoniacal  pot.  ferridcyanide  as  an  indicator. 
The  latter  agent  strikes  a  pink  colour  with  tannin.  The  solution 
IS  standardised  by  taking  a  known  volume  of  the  lead  solution, 

*  Dingler's  Poly.  Journ.,  229,  81. 
■\  Zeitschrlftf.  An.  Chem.,  1,  104. 
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and  dropping  in  the  tannin  liquid  until  a  small  portion  filtered 
gives  a  pink  colour  with  the  indicator. 

Tea  is  tested  in  a  precisely  similar  manner.  Mr.  Allen's 
method  is  tolerably  speedy  and  accurate  ;  the  writer  has,  how- 
ever, found  the  final  reaction  somewhat  difiicult  to  observe. 

(4.)  Lmoenthal's  Process. — Up  to  the  present  time  this  method 
(originally  worked  out  for  barks)  is  the  best  we  possess  ;  it 
depends  on  the  oxidation  by  permanganate,  and  indigo  is  used 
as  an  indicatoi-.  It  not  alone  gives  us  the  tannin,  but  the 
amount  of  other  astringent  matters  as  well.  The  following 
solutions  are  i-equired  : — 

(1.)  A  solution  of  potass,  permanganate,  1-333  grms.  per  litre. 

(2.)  Pi-ecipitated  indigo,  5  grms.  per  litre. 

(3.)  Dilute  sulphuric  acid  (1  :  3). 

(4.)  A  solution  of  gelatine,  25  grms.  to  litre,  saturated  with 
table-salt.* 

(5.)  A  saturated  solution  of  pure  salt,  containing  25  cc.  of 
sulphuric,  or  50  cc.  of  hydrochloric  acid  per  litre. 

The  analysis  as  applied  to  the  determination  of  tannin  in 
barks  is  performed  thus  : — 10  grms.,  say,  of  sumach  are  taken 
and  exhausted  by  boiling  with  water,  and  the  solution  made 
up  to  1  litre  ;  of  this  infusion,  10  cc.  are  mixed  with  75  cc.  of 
water,  25  cc.  of  the  indigo  solution  added,  and  10  cc.  of  the  dilute 
siilphuric  acid.  The  permanganate  sohition  is  run  drop  by  drop 
from  the  burette  with  constant  stirring,  till  the  blue  colour 
changes  to  yellow,  when  the  amount  of  permanganate  used  is 
noted  (,r).  The  same  process  is  repeated  with  indigo  and  sul- 
phuric acid,  and  the  amount  read  ofi'  {y)  ;  subtracting  y  from 
a;  =  total  astringent  mattei's.  The  permanganate  oxidises  both 
tannin  and  indigo  ;  but  the  tannin  being  the  easier  to  oxidise,  is 
consumed  first.  In  order  to  obtain  accurate  results,  the  propor- 
tion of  indigo  should  be  such  as  to  require  about  twice  the 
quantity  of  permanganate  which  would  be  consiimed  by  the 
tannin  alone.  Thus,  if  indigo  alone  requires  10  cc.  of  perman- 
ganate to  decolorise  it,  the  indigo  and  tannin  togetlier  must  not 
take  more  than  about  15  cc.  ;  if  it  does  so,  the  tannin  must  be 
diluted  accordingly.  The  total  astringent  matters  being  known, 
the  next  step  is  to  throw  the  tannin  out,  and  estimate  the  gallic 
acid  and  impui-ities.  100  cc.  of  the  infusion  are  mixed  with  50 
cc.  of  the  salted  gelatine  infusion  ;  after  stirring,  100  cc.  of  the 
salt  acid  solution  are  added,  and  the  mixture  allowed  to  stand 

*  Lowenthal  prepares  the  sohition  by  steeping  25  grms.  of  the  finest 
Cologne  glue  in  cold  water  over  night ;  it  is  then  melted  on  the  water-bath, 
saturated  with  Na(jl,  and  made  up  to  1  Utre  with  saturated  NaCl  solution, 
filtered,  and  kept  well  corked. 
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for  twelve  hours  It  is  then  filtered,  and  an  aliquot  pai't  of  the 
filtrate  is  oxidised  by  permanganate  and  indigo,  as  before. 

Lowenthal  gives  the  following  example  :  10  grms.  of  sumach 
were  boiled  in  750  cc,  and  after  cooling  made  up  to  one  litre  ; — 

(1.)  10  cc.  of  sumach,  infusion,  )  ,  "  au^nate. 

25  cc.  of  indigo  solution  •       "       '  ^ 

Do.,  repeated,     .       .       .  16'5 


.S.3-1 

50  cc.  of  indigo  solution  alone,       .       .       .       .  13'2 

Total  permanganate  for  20  cc.  of  sumach,       .       .  19'9 

50  cc.  filtrate  from  the  gelatine,  )  -i  -.i.^ 

25  cc.  indigo  solution,  \  >  • 

Do.,  repeated,     .       .     11 '1 

22-3 

50  cc.  indigo  alone,        .       .       .       .       .       .  13'2 

Gallic  acid  and  imjnirities,      .....  9"1 


Deducting  9-1  cc.  from  19-9  cc.  equals  10'8  cc.  as  permanganate, 
equivalent  to  the  tannin  of  20  cc.  of  sumach  infusion,  or  0-2  grm. 
•of  dry  sumach.  It  is  well  to  ascertain  the  value  of  the  perman- 
ganate solution  by  oxalic  acid,  adopting  the  numbers  given  by 
Neubauer  and  Oser — viz.,  that  0-063  oxalic  acid  is  equal  to 
0-04157  gallo-tannic  and  -062355  quercitannic  acids.  Should 
it  be  preferred  to  use  tannin,  the  purest  commercial  tannin  must 
be  precipitated  by  lead,  the  precipitate  freed  from  lead  in  the 
xisual  way,  and  the  solution  of  pure  tannin  then  evaporated  to 
complete  dryness,  and  a  solution  of  convenient  strength  made. 
The  jDrocess  requires  but  little  modification  to  be  applicable  to 
tea. 

The  amount  of  tannin  in  genuine  teas  seems  to  be  variable, 
S.  Jauke,  using  the  acetate  of  copper  process,  has  determined 
the  tannin  in  eighteen  samples  of  black  tea,  and  found  as 
a  maximum  9-142  per  cent,,  as  a  minimum  6-922  per  cent.,  and 
as  a  mean  8-1  per  cent.  Three  samples  of  green  tea  gave  9-94, 
8-56,  and  9-57  per  cent.  Mr.  Wigner,  as  a  sample  of  very  astrin- 
gent teas,  gives  the  following  : — • 

Per  cent 


Moyone  young  Hyson,   39-0 

Very  choice  Assam,   33-0 

Indian  young  Hyson,   39-0 

Assam  tea  from  Dr.  M'Namara's  garden,    .       .  27-7 

Caper,  mixed,   42 -3 
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Exhausted  tea  leaves  yield  from  2  to  4  per  cent,  of  tannin.  A 
tea  giving  only  6  per  cent,  of  tannin  is  to  be  regarded  as 
suspicious,  but  care  must  be  taken  not  to  rely  upon  any  single 
indication. 

§  204.  The  Extract. — The  extract  is  a  measure  of  the  soluble 
matter  in  tea.  Peligot  exhausted  the  leaves  and  then  redried 
them,  and  thus  estimated  the  soluble  matter  by  difference. 
Wanklyn,  howevei",  has  proposed  a  more  rapid  and  convenient 
method.  It  consists  in  taking  10  grms.  of  tea,  and  boiling  with 
500  cc.  of  water,  the  flask  being  adapted  to  a  Liebig's  condenser. 
When  50  cc.  are  distilled  over,  the  process  is  stopped,  and  the 
50  cc.  retiu'ned  to  the  flask  ;  50 '3  grms.  of  the  hot  strained  liquid 
are  then  weighed  out  and  evaporated  to  dryness.  Wigner  boils 
with  a  vertical  condenser  for  an  hour,  and  finds  that  1  per  cent, 
strength  yields  the  most  constant  results.  Perhaps,  on  the 
whole,  the  best  process  is  the  following  : — Place  one  part  of  tea 
in  100  of  water,  boil  for  one  hour  with  a  vertical  condenser,  and 
then  take  an  aliquot  part  of  the  filtered  liquid  for  evaporation. 
In  every  case  the  time  occupied  in  boiling,  and  the  strength, 
should  be  mentioned  in  repoi'ting,  for  two  analysts  operating  by 
different  methods  may  difl^er  as  much  as  6  or  8  per  cent. — the 
soluble  matter  not  being  entirely  removed  for  a  very  long  time. 
Since  the  substances  that  are  at  once  dissolved  are  really  those 
\ipon  which  its  commercial  value  depends,  it  is  a  question  whether 
it  would  not  be  better  simply  to  pour  boiling  water  on  the  leaA^es, 
let  the  infusion  stand  for  one  hour,  and  then  estimate  the  extract, 
calling  it  extract  of  infusion. 

Any  addition  of  exhausted  leaves  lowers  the  percentage  of 
extract.    The  following  are  some  determinations  of  extract  : — 


Per  cent. 

Analysed  by 

Java  tea,  dried, 

35-2 

Peligot. 

, ,        not  dried,  . 

32-7 

M 

Pekoe,  ordinary,  dry. 

41-5 

JF 

,,  undried, 

38-0 

)» 

Gunpowder,  dry, 

51-9 

1  1 

,,  undried. 

48-5 

>  1 

dry. 

46-9 

99 

,,  undried, 

50-2 

)  » 

Moyone  Gunpowder, 

40-7 

Wigner. 

>> 

39-3 

>  > 

>» 

38-5 

If 

n 

37-9 

)> 

M 

33-3 

Imperial,  dry,  , 

43  1 

Peligot. 

,,       not  dried, . 

39  0 

»  i 

>>       dry,  , 

47-9 

»» 

not  dried, . 

44  0 

>» 
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Hyson,  dry,  . 

,.      not  dried, 
Hyson  skin,  dry, 

,,         not  dried. 
Congou,  . 
, ,  dried, 
bon,  . 
,,  dried, 


Caper,  dried,  . 
,,     not  dried, 


Assam,  dried,  . 
,,      not  dried. 


Hyson, 

Moyone  Young  Hyson, 
Tea  direct  from  China,  dry, 


Indian  Tea,  dry. 

Broken  Indian, 
Indian  Souchong, 
Scented  Orange  Pekoe, 
Manuna,  fine,  . 
Himalayan  Tea, 


Per  cent. 

Analysed  by. 

47-7 

Peligot. 

43-8 

99 

43-5 

9  9 

39-8 

99 

36-8 

99 

40-9 

99 

40-7 

99 

45  0 

)  » 

33-0 

Wigner. 

29-8 

99 

29-8 

99 

26-2 

99 

26-1 

»  > 

39-3 

Pehgot. 

35-8 

37-9 

Wigner, 

37-7 

9  9 

32-4 

99 

30  0 

)  ) 

45-4 

Pehgot. 

41-7 

33-3 

Wigner. 

36-8 

99 

44-8 

»  9 

41-7 

Wanklyn. 

40-2 

)> 

41-2 

») 

33-9 

A.  Wynter  Blyth. 

43-8 

Wigner. 

43-4 

32-5 

9» 

34-2 

•> 

37  0 

)) 

38-6 

Wanklyn. 

35-4 

9) 

Since  the  extract  of  genuine  tea  appears  to  vary  from  26  per 
cent,  up  to  more  than  40  per  cent.,  it  is  unfortunately  of  no  very 
gi-eat  value  for  purposes  of  estimation.  The  extract,  after  being 
weighed,  is  burnt  up  to  an  ash,  which  will  always  be  found  to- 
be  heavy,  rich  in  alkaline  salts,  and  varying  usually  from  4  to  7 
per  cent. 

§  205.  The  Ash. — The  percentage  of  total  ash  is  taken  by 
burning  up  1  to  5  grms.  of  the  tea  in  a  platinum  dish.  The 
leaves  readily  ignite,  and  the  operation  may  take  place  at  a  very 
low  temperature,  so  that  there  is,  with  care,  very  little  volati- 
lisation of  chlorides.  The  comparative  composition  of  the  ash 
of  fve.sh  and  of  exhausted  tea  leaves  is  shown  in  the  following 
table  : — 
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TABLE  XXIII. 


ZOLLER. 

Hodges. 

ZOLLER. 

WlGNER. 

Ash  of 
fine  young 
Himalaya 
Tea. 

Tea  from 
Cachar 
(indigen- 
ous). 

Tea  from 

Cacliar 
(liybrid). 

Exhausted 

Tea 
Leaves. 

Ash  of  a 
number  ol 

Mixed 
Blaoli  Teas 

Ash  of  a 
number  of 

Mixed 
GreenTeas 

Potash, 
Soda, 

Magnesia,  . 
Lime, 

Oxide  of  Iron,  . 
Manganous  Oxide, 
Phosphoric  Acid, 
Sulphuric  Acid,  . 
Chlorine, 
Silica  and  Sand, 
Charcoal,  . 
Carbonic  Acid,  . 

39-22 

0-  65 

ti  <A  ^ 

4-24 
4-38 

1-  03 
14-55 
trace. 

0-81 
4-35 

24-30 

35-200 
4-328 

4-  396 
8-986 

2-  493 

1-  024 
18-030 

5-  040 

3-  513 
0-500 

2-  900 
13-590 

37-010 
14-435 
5-910 

5-  530 
2-463 

0-  800 
9-180 

6-  322 
2-620 

1-  300 
1-830 

12-600 

7-34 

0-  59 

11  40 

10-76 
9-63 

1-  97 
25-41 
trace, 
trace. 

7-57 

25-28 

30-92 
1-88 

4'88 
1-70 
11-60 

28-42 
2-08 

5-  66 
7-50 

6-  43 

Percentage    of  ) 
total  Ash  sol-  > 
uble  in  water,  ) 

100  00 

100-00 

100-00 

100-00 

57-00 

52-85 

The  asli,  on  being  cooled  and  weiglied,  is  next  boiled  up  with 
a  little  water,  the  soluble  portion  filtered  from  the  insoluble,  and 
washed  in  the  ordinary  way.  The  filtrate  is  evaporated  to  dry- 
ness, very  gently  ignited,  and  returned  in  percentage  as  soluble 
ash.  The  insoluble  portion  is  next  treated  with  acid,  and  the 
remaining  sand  dried,  ignited,  and  weighed.  The  alkalinity  of 
the  soluble  portion  should  also  be  taken,  and  may  be  returned 
as  potash.  This  simple  examination  of  the  ash,  consuming  very 
little  time,  gives  tolerably  well  all  the  information  aftbrded  by 
a  complete  and  exhaustive  analysis.  The  table  (XXIV.)  shows 
a  few  percentages  of  ash,  and  may  be  compared  with  the  per- 
centages of  beech,  bramble,  kc. 

All  the  analyses  hitherto  published  show  that  the  percentage 
of  ash  in  genuine  tea  never  reaches  8  per  cent.  An  asli  beyond 
8  per  cent.,  calculated  on  the  dried  tea,  is  certainly  adulterated. 
In  the  same  manner,  all  genuine  tea  possesses  a  soluble  ash  not 

23 


338  FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.         [§  205. 


TABLE  XXIV. 


Total  Ash. 
Per  cent. 

Ash  soluble 
in  Water. 
Per  cent. 

Ash  soluble 
in  Acid. 
Per  cent. 

Silica, 

Potash. 

Authority. 

Average  of  17  ordinary  \ 

Teas   from   original  | 

chest,  consisting  of  2  I 
Indian,  12  Congous,  | 
2  Gunpowders,  and  1 1 

5-75 

3-07 

2-25 

0-43 

1-38 

G.  W.  Wigner. 

Hyson,     .       .  J 

Z  Oi 

U  /D 

Maximum, 

0  Vo 

o  oO 

1 

1  00 

)  1 

Minimum, 

o  oo 

z>  to 

1  07 

J  > 

Average  of  25  special  ) 
Teas,       .       .  \ 

5-95 

3-33 

209 

0-53 

1-38 

J » 

Maximum, 

t  yj^ 

o  oo 

Xi  uo 

'    i  u  / 

»» 

Minimum, 

Oil 

Ot: 

1  00 

0*04. 

» 

Genuine  Indian  Tea,  . 

9-00 

A.WynterBlyth. 

Common  Tea, 

6  00 

Wanklyn. 

Paraguay  Tea,  . 

0  Z.O 

. . . 

)  9 

Average  of  7  Teas, 

O  f  o 

>  *  • 

•  •  • 

.  •  • 

A.  S.  Wilson. 

u  00 

o  UU 

•  •• 

•  . . 

A.  H.  Allen. 

Homeman's  p.  black. 

0  oU 

ii  OU 

green, 

0  01) 

.1  oU 

... 

»  » 

Ambrosial  black. 

0  01/ 

O  4U 

. . . 

•  •  • 

* . . 

>  > 

Genuine  blk.,  2s. 6d.  lb.. 

O  OU 

o  uy 

• .  * 

•  •  • 

•  . . 

>  i 

if  )> 

o/v 

o.oo 

... 

99 

31  9) 

0  vz 

o  zo 

•  •  • 

. 

99 

91  99 

0  V)4 

3 -20 

... 

... 

» 

99      '                  9  9 

6'10 

3-96 

... 

... 

>> 

>>  99 

575 

3  06 

)» 

3s.  lb.,  . 

5'50 

3-55 

»» 

Broken  leaf,  with  stalks, 

5-40 

2-80 

.... 

>  J 

Caper  (4"S  silica), 

11-40 

1-50 

Mixed  dry  exhausted  ) 

leaves  from  various  > 

4-30 

0-52 

}  i 

Teas,       .       .  \ 

Coffee  leaves, 

10-32 

3-77 

99 

Beech, 

4-52 

200 

Wanklyn, 

Bramble,    .  ■  . 
LXcAopuerry,          .  , 

4-53 

1-84 

7-84 

1-72 

!  1 

Hawthorn, 

8-05 

3-78 

Willow,  . 

9-34 

416 

)  > 

Plum, 

9-90 

5-66 

J  » 

Elder, 

10-67 

3-19 

}  1 

Gooseberry, 

13-50 

7-83 

99 

J  i 

ss  than  3  per  cent.  For  examples  of  obviously  impure  aslies, 
r.  Wigner's  paper  may  be  quoted  from  again  : — 
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Total  Ash. 

Ash 
Soluble  in 
Water. 

Soluble  in 
Acid. 

Silica. 

Alkali 
calculated 
aa  Potash. 

Extract. 

Gunpowder, 

19-73 

1-00 

6-15 

12-58 

0-14 

37-78 

14-44 

195 

2-47 

10-02 

103 

35-45 

) )             •  * 

15-20 

1-69 

5-35 

8-16 

0-61 

31-60 

) )             •  • 

15-08 

1-96 

5-65 

7-47 

0-73 

35-60 

J  >  • 

12-74 

2 -68 

5-44 

6-62 

1-04 

14-60 

2-67 

5-67 

6  06 

1-04 

All  these  teas,  although  imported  in  this  state,  are  evidently 
mixed  with  sand  to  a  considerable  extent. 

§  206.  Determination  of  Gum. — If  it  is  necessary  to  determine 
the  gum  in  tea,  as  sometimes  liappens,  the  aqueous  decoction 
should  be  evaporated  nearly  to  an  extract,  and  the  residue 
treated  with  methylated  spirit,  filtered,  and  washed  with  the 
spirit.  The  gum  is  dissolved  off  the  filter  by  the  aid  of  hot 
watei",  and  the  solution  evaporated  to  dryness,  and  weighed  ;  it 
is  then  ignited  to  an  ash,  and  the  mineral  deducted  from  the 
total  weight.* 

§  207.  General  Eevieio  of  the  Adulterations  of  Tea. — The  most 
frequent  are,  certainly,  the  addition  of  sand,  generally  strongly 
impregnated  with  iron,  the  addition  of  foreign  and  exhausted 
leaves,  and  the  addition  of  astringent  principles,  such  as  catechu, 
etc.  All  these  adulterations  must  take  place  abroad,  there  being 
no  evidence  that  a  single  hundredweight  of  tea  has  been  tampered 
with  in  England, — the  blame  may  lie  with  the  home-traders,  but 
jjroof  is  wanting.  On  the  other  hand,  it  not  unfrequently  happens 
that  cargoes  of  tea  recovered  from  sunk  vessels,  or  teas  damaged 
in  some  other  way,  are  sold  and  blended  by  wholesale  manufac- 
turers with  those  that  are  genuine.    Such  samples  contain  usually 

*  H.  Hager  is  {Phann.  Central.  Ifalle,  1879,  258)  the  author  of  a  general 
process  of  analysis,  which  possesses  some  good  points  :  10  grms.  of  tea  are 
infused  in  100  cc.  of  warm  water,  and  allowed  to  stand  for  two  days  ;  the 
solution  is  poured  off,  and  another  100  cc.  of  water  added  to  the  partially- 
exhausted  leaves,  which  are  then  unrolled  and  botanically  examined. 
50  cc.  of  the  solution  arc  evaporated  to  dryness;  10  cc.  of  the  solution 
should  give  no  turbidity  in  the  cold  wlieii  an  equal  vohime  of  alcohol  is 
added.  For  the  estimation  of  theine,  10  grms.  of  tea,  3  grms.  of  sodic  car- 
bonate, and  3  grms.  of  litharge  are  made  into  a  paste  with  10  grms.  of  water 
dried  up  and  extracted  with  chloroform.  For  the  special  detection  of 
catechu,  -1  grm.  of  tea  is  extracted  by  100  cc.  of  boiling  water.  Tliis  solu- 
tion is  boiled  with  excess  of  lead  oxide,  and  the  filtrate  (which  must  be 
clear)  mixed  with  a  solution  of  silver  nitrate.  I'urc  tea  gives  only  a  slicrlit 
grey-blaciv  troubling  of  metallic  silver,  but  tea  adulterated  with  catechu  a 
strong  yellow  flocculent  precipitate. 
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an  excess  of  salt,  and  show  more  or  less  evidence  of  the  addition 
of  exhausted  leaves. 

The  facing  of  tea  is  rapidly  decreasing.  There  has  been  much 
dispute  as  to  whether  this  is  to  be  considered  an  adulteration  or 
not ;  a  thin  film  of  graphite,  or  any  other  harmless  substance, 
in  such  quantity  as  to  add  no  appreciable  weight,  can  hardly  be 
called  adulteration.  Each  case,  however,  must  be  judged  of  by 
its  merits.  A  small  addition  of  such  a  substance  as  catechu',  to  im- 
part astringency,  is  probably  frequent,  and  difficult  of  detection. 
Any  amount  present,  to  the  extent  of  3  per  cent,  or  over,  is 
shown  by  precipitating  an  infusion  of  the  tea  with  a  slight  excess 
of  neutral  lead  acetate,  filtering,  and  adding  a  little  dilute  ferric 
chloi'ide  solution.  If  catechu  be  present  there  is  a  bright-green 
colour,  and  ultimately  a  precipitate  of  a  greyish-green  colour. 
[See  also  Hager's  method,  footnote,  p.  339.]  The  same  infusion 
filtered  from  the  lead  precipitate  gives  a  copiovis  precipitate  with 
argentic  nitrate.  Mr.  Allen  has  pointed  out  the  advantage  of 
his  lead  process  in  cases  of  adulteration  with  catechu,  and  it  is 
self-evident  ;  for  catechuic  acids  possess  a  precipitating  power  so 
widely  difierent  from  that  of  tannin,  that,  if  reckoned  as  tannin, 
there  are  always  anomalous  results,  indicating  a  much  higher 
astringency  than  could  possibly  exist, — e.g.,  a  sample  of  brown 
catechu  examined  in  this  way,  and  reckoned  as  tannin,  gives  the 
paradoxical  number  of  11  per  cent. 

Soluble  iron  salts,  alkaline  cai'bonates,  and  other  substances, 
are  stated  to  be  occasionally  added,  but  no  conviction  relative  to 
these  appears  to  be  on  record.  The  soluble  iron  salts  may,  of 
course,  be  dissolved  from  the  tea  leaves  by  a  little  cold  dilute 
acetic  acid,  and  the  liquid  tested  in  the  usual  Avay;  there  is  then 
no  confusion  between  the  iron  naturally  present  and  that  added. 

§  208.  Bohemian  Tea.* — It  would  seem  that  for  some  tim© 
there  has  been  cultivated  in  Bohemia  the  Lithospermum  officinale, 
the  common  "  Gromwell"  of  our  country,  and  the  leaves  have 
been  dried  and  sold  as  Thea  Chinensis,  under  the  name  of  "  Bohe- 
mian Tea."  They  have  also  been  used  for  the  purpose  of 
adulterating  Chinese  tea.  The  "  Gromwell  "  is  a  plant  belonging 
to  the  borage  order,  groAving  in  dry  and  stony  places,  from  a  foot 
to  a  foot  and  a  half  high.  The  flower  is  greenish-yellow,  the  stem 
erect  and  branching,  and  the  leaves  are  lanceolate,  hairy  beneath, 
with  bulbous  adpressed  bristles  above.  They  are  totally  unlike 
tea  leaves,  and  the  hairiness  itself  would  be  diagnostic  of  a  leaf 
other  than  that  of  tea.  The  chemical  composition  is  also  entirely 
different.  The  mineral  constituents  ai'o  excessive,  and  there  is 
neither  any  alkaloid  nor  any  essential  oil. 

The  average  composition  of  "  Bohemian  Tea  "  is  as  follows  : — 
*  A.  Belohoubeii :  Chem.  Centralbl.,  ISSO,  p.  152. 
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Cellulose,   5-9637 

Tannin,   8-2547 

Fat,   9-2910 

Other  nitrogen-free  organic  substances,      .       .  20-4941 

Albuminous  matters,   24-5406 

Ash,   20-5960 

Water,   4-8599 
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MATE. 

§  209.  "The  Mate,  ox  Paraguay  Tea  Tree  {Ilex  mate  j^ara- 
ffuayemis),  is  a  small  tree,  belonging  not  to  the  family  of  the 
Ilicice,  as  stated  by  some,  but  to  the  Celastrinece ;  it  reaches  in 
height  ordinai'il-y  4  or  5  metres,  sometimes  7.  Its  trunk  is  about 
20  cm.  in  circumference,  and  is  covered  by  a  whitish  bark.  The 
leaves  are  oblong,  cuneiform,  obtuse,  and  finely  dentate.  It 
has  ancillary,  multipartite  peduncles,  calyx  tetrasepalous,  the 
corolla  with  four  petals  in  the  form  of  a  crown,  style  none, 
stigma  4  fid,  fruit  a  four-celled  berry.  The  plant  grows  very 
abundantly  in  Paraguay,  North  Corrientes,  Chaco,  and  South 
Brazil,  where  it  forms  woods  called  '  Yerboles.'  " 

Mate  is  prepared  in  Paraguay  thus  : — The  entii'e  trees  are  cut 
down,  and  the  small  branches  and  shoots  are  taken  with  the 
leaves,  and  placed  in  the  tatanta,  a  plot  of  earth  about  6  feet 
square,  surrounded  by  a  fire,  where  the  plant  undergoes  its  first 
roasting.  From  thence  it  is  taken  to  the  harbacua,  or  grating 
supported  by  a  strong  arch,  underneath  which  burns  a  large  fire. 
Hei-e  it  is  submitted  to  a  particular  torrefactiou,  determined  by 
experience,  wliich  develops  the  aromatic  principle.  Then  it  is 
reduced  to  a  coarse  powder  in  mortars  formed  of  pits  dug  in  the- 
earth,  and  well  rammed.  It  is  next  put  into  fresh  bullock  skins, 
well  pressed,  and  placed  in  the  sun  to  dry.  The  packages 
(tercois)  thus  obtained  weigh  from  90  to  100  kilograms,  and  have 
an  average  commercial  value  of  1  to  2  dollars  the  kilogram. 

Senor  Arate  gives  an  analysis  of  mate — 

In  100  parts. 


Organic  combustible  substances,      ...  91 -6S5 

Ash,   S-315 

The  ash  contains — 

Lime  (CaO),   12-344 

Magnesia   11-395 

Soda,   7-281 

Potash,   2-984 

Manganese  dioxide,   2-500 

Ferric  oxide,   3-410 

Sulphuric  acid,   0-926 

Hydrochloric  acid   0-716 

Phosphoric  acid,   5-540 

Carbonic  acid,   8-150 

Sand,  silica,  carbon,  and  loss,  ....  44-754 


The  enormous  relative  quantity  of  sand  is  a  result  of  the- 
mode  of  preparation  in  excavations  made  in  the  soil.  The  plant- 
contains — 
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Principles  soluble  in  ether,       ....  9 '820 

alcohol,    ....  8-432 

„          „          water,      .       .       .       .  26-208 

,,                    water  acidulated  with  HCl,  7 '260 

,,          ,,          in  solution  of  caustic  soda,  16-880 

CeUulose,   13-280 

Water   9-000 


Sand,  9  120. 

100-00 

Theine  averages  1-3  per  cent.  The  tannin  of  mate  is  jaeculiar; 
it  does  not  tan  hides,  and  requires  a  special  method  for  its  esti- 
mation ;  it  amounts  to  about  1 6  per  cent.  Mate  also  contains  a 
large  quantity  of  a  peculiar  fatty  matter.  Mate  does  not  exalt 
the  peripheric  nerves  like  tea,  nor  the  cerebric  like  coffee,  but 
appears  to  have,  in  some  degree,  a  narcotic  action.  The  usual 
•way  of  taking  it  is  by  sucking  it  up  through  a  reed  called  a 
"  bonibilla." 

MM.  d'Arsenval  and  Couty  have  recently  inquired  into  the 
action  of  mate,  administering  it  to  dogs  by  injection  into  the 
stomach.  They  found  it  diminish  the  carbon  dioxide  and  oxygen 
of  the  arterial  and  venous  blood  to  a  considerable  extent,  some- 
times to  a  third  or  even  half  the  normal  quantity.  This  action, 
which  is  less  intense  during  digestion,  and  has  no  necessary 
relation  to  phenomena  of  excitation  of  the  sympathetic  nerve- 
system,  is  somewhat  obscure  as  to  its  "mechanism;"  but  its 
existence  proves  directly  the  importance  and  nutritive  value  of 
the  aliment  in  question. 

A  species  of  Ilex — viz.,  Ilex  cassiva,  employed  as  a  tea  in 
Virginia,  has  been  analysed  by  M.  Ryland  and  T.  Brown,  who 


found 

Volatile  oil,   0-011 

Wax  and  fatty  matter,   0-466 

Resin,   3-404 

Chlorophyll,   2-491 

Theine,   0-122 

Tannin,   2  409 

Colouring-matter  soluble  in  alcohol,  .       .       .  4-844: 

Extractive  matter  soluble  in  alcohol,        .       .  10-149 

Extractive  matter  insoluble  in  alcohol,     .       .  4-844 

Amidon  and  pectiue,   15-277 

Fibre,   33-827 

Ash   3-995 


COFFEE. 

§  210.  Tlie  coffee  berry  is  the  seed  dried,  and  deprived  of  its 
fleshy  coverings,  of  the  Cafea  arabica,  Nat.  Ord.  Cinchonacece. 
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Before  use  tlie  berries  are  roasted  to  a  chocolate  brown,  and 
then  groimd  in  a  mill. 

Microscojncal  Structure. — The  main  portion  of  the  berry  is 
composed  of  strong,  angular,  thick-walled  cells,  as  represented 
in  fig.  39,  a.    The  figure  is  an  accurate  representation  of  what 

was  seen  in  a  fine  section 
of  a  sample  of  unroasted 
coffee,  but  this  particular 
sample  shows  the  cell  divi- 
sions much  more  distinctly 
than  usual.  When  the 
coffee  has  been  roasted,  the 
usual  appearance  of  these 
cells  is  that  of  very  dark, 
small,  irregularly-triangular 
masses,  representing  the 
contracted  cell-contents  set 
Pig.  39.    Coffee  tissues,  x  170.  ^  transparent  matrix,  in 

which  it  is  difiicult  to  trace  the  cell-walls.  The  cellular  elements 
of  the  seed,  more  especially  in  the  outer  layers,  are  impregnated 
with  drops  of  oil.  A  thin,  tough,  Japanese  paper-like  membrane 
(fig.  39,  b)  may  be  detached  from  the  berry,  and  is  found  to  be 
composed  of  a  series  of  sjjindle-shaped  fibres  attached  to  a  tissue 
which  shows  signs  of  fibrillation,  and  is  probably  composed  of  a 
number  of  very  fine  fibres,  adhering  by  their  edges,  so  as  to  form 
a  continuous  sheet. 

The  mici'oscopical  structure  just  described  separates  and  dis- 
tinguishes coffee  at  once  from  all  other  known  berries  or  seeds, 
Avhile  the  tissues  of  roots,  such  as  chicory  (consisting  of  loose, 
thin-walled,  vegetable  cells,  with  a  greater  or  less  admixture  of 
large  spiral  vessels),  are  entirely  different,  and  may  be  said, 
indeed,  to  be  built  on  a  different  jilan. 

§  211.  Chemical  Changes  during  Roasting. — The  effect  of  roast- 
ing is  to  drive  off  a  large  quantity  of  water,  to  volatilise  a  small 
quantity  of  theine,  to  change  a  portion  of  the  svigar  into  caramel, 
to  rupture  the  cell-layers  containing  fat  and  albumen,  and  to 
swell  the  beny  by  the  extrication  of  gases,  consisting  mainly  of 
carbon  dioxide.  There  is  also  developed  a  fragrant  aromatic 
substance,  a  single  drop  of  which  is  sufiicient  to  scent  a  lai-ge 
room  with  the  peculiar  coffee  odour  ;  the  best  temperature  for 
the  production  of  this  aroma  is  210°.  That  during  roasting 
there  is  an  actual  loss  of  theine,  is  easily  proved  by  holding  a 
glass  plate  over  the  heated  berries ;  in  a  veiy  little  time  crystals 
of  the  alkaloid  condense.  Tenneck  found  in  uui-oasted  coffee  -75 
per  cent.,  and  in  the  same  roasted,  -42  per  cent,  theine.    It  would 
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appear  that  roasted  coffee  gives  up  more  to  water  than  does  raw 
coffee ;  for  Cadet  found  that  beans  roasted  to  a  light  brown 
yielded  to  water  12-3  per  cent.;  to  a  nut-brown,  15-5  per  cent.; 
and  to  a  dark-brown,  21*7  per  cent.  Vogel  also  gives  the 
soluble  matters  in  raw  coffee  as  28  per  cent.;  and  in  roasted,  39 
per  cent.  The  amount  of  sugar  changed  is  always  considerable; 
thus,  Graham  and  Stenhouse  found  the  following  differences  in 
the  percentage  of  sugar  between  the  raw  and  roasted  coffees : — 

Raw. 

Per  cent 

Highest  amount,  .       .       .       .       .       7"  78 
Lowest  amount,  .       .       .       .       .       5 '70 
Average  of  twelve  specimens  grown  in  )  ^.g^ 
different  places,     .       .       .  ) 

Konig  has  studied  the  changes  taking  place  in  roasting,  and 
his  views  and  experiments  are  as  follows*  : — 

300  grms.  of  coffee-berries  containing  11  "29  per  cent,  water  gave,  on 
roasting  to  a  light  brown  colour,  246 "7  grms.  of  roasted  coffee,  containing 
3"19  per  cent,  water.    We  have  therefore — 

1.  Taken  300  grms.  coffee  berries,  .    =266  "15  grms.  dry  substance. 

2.  Obtained  246  grms.  roasted  coffee,    =238-83       ,,  ,, 
Then  loss,  53 '3  grms.,    .       .       .     =27' 32  grms.  dry  substance. 

Or  in  per  cent.,  17  "77,    .       .       .    =  9 'll  percent,  organic  substance. 

Hence,  in  roasting,  8'66  jier  cent,  of  water,  and  9*11  per  cent,  of  organic 
substances  have  been  lost.  This  is  divided  among  the  constituents  of 
coffee  as  follows.    (See  Table  XXV.) 

§  212.  Constituents  of  Coffee. — The  main  properties  of  coffee 
are  apparently  due  to  four  distinctive  substances : — (l.)Unessential 
oil,  not  yet  completely  studied;  (2.)  caffeo-tannic  acid;  (3.)  theine 
or  caffeine ;  (4.)  a  concrete  oil  or  fatty  substance. 

Theine,  or  Caffeine,  is  described  at  p.  316. 

Caffeo-tannic  Acid,  Cj^HgO^j.,  was  first  observed  by  Pfaff,  in  the 
seeds  and  leaves  of  the  coffee  plant ;  it  also  occurs  in  the  root  of 
the  Chiococcu  racemosa,  and  in  the  leaves  of  the  Ilex  j^araguayensis, 
S.  Hil.  It  may  be  separated  from  coffee  by  fractional  precipita- 
tion of  the  infusion  with  acetate  of  lead.  The  precipitate,  at 
first  falling,  consists  of  citrate  with  caffeo-tannate  of  lead  ;  but 
later  on,  the  latter  occurs  alone,  and  can  be  washed  with  water 
and  decomposed  by  SH.^  in  the  usual  way.  Caffeo-tannic  acid 
thus  obtained  is  a  brittle,  yellowish  mass,  easily  powdered,  and  of 
feeble  acid  reaction.  It  is  supposed  to  exist  in  the  plant  in  com- 
bination with  potash  and  theine.  It  is  scarcely  soluble  in  ether, 
but  dissolves  easily  in  water  or  in  alcohol.    Tlie  solution  gives  a 

*  NahruDgs-und  Genussmittel,  Bd.  ii.,  479. 


Roasted. 
Per  cent. 

1-14 
0-26 
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dark-green  colour  with  chloride  of  iron,  or  if  dissolved  in  aqueous 
solution  of  ammonia,  the  alkaline  earths,  or  the  alkalies,  a  red- 
dish-yellow or  yellow  colour.  If  caffeo-tannic  acid  be  decomposed 
with  3  pax-ts  of  solid  potash,  the  end  product  is  protocatechuic 
acid.  If  it  be  boiled  with  5  parts  of  potash-lj^e  (1-25  specific 
gravity)  for  three-quarters  of  an  hour,  and  then  neutralised  by 
sulphuric  acid,  caffeic  acid  (CgHgOJ  crystallises  out,  and  can  be 
obtained  in  straw-yellow  prisms  and  plates  by  recrystallisation 
from  hot  water.  It  colours  chloride  of  iron  grass-green,  is 
oxidised  by  nitric  acid  into  oxalic  acid,  and  is  decomposed  by 
potash  into  protocatechuic  and  acetic  acids. 

Coffee  Fat. — The  coffee  fat  can  be  obtained  from  an  alcoholic 
exti-act  of  coffee  ;  part  separates  on  cooling  the  fluid  to  0°,  the 
rest  on  dilution  with  water.  It  is  white,  without  odour,  of  a 
buttery  consistence,  melting  at  37° '5,  and  becomes  rancid  on 
exposure  to  the  air.  According  to  Rochleder  {Wieii  Akad.  Ber., 
xxiv.  40),  it  contains  the  glyceride  of  palmitic  acid  and  of  an 
acid  of  the  composition  CjgH.^^O.,. 

C.  O.  Cech  *  exhausted  51)  lbs.  with  alcohol  and  ether,  and 
obtained  1,200  grms.  of  a  thick  green  fluid  oil,  and  after  a  time 
fine  crystals  of  theine  separated.  After  six  months  the  oil, 
although  in  closed  flasks,  began  to  be  turbid,  and  gradually  little 
groups  of  crystals  separated  and  sank  to  the  bottom.  After  the 
lapse  of  three  years,  the  flask  was  found  to  be  about  two-thirds 
filled  with  crystals  of  the  more  solid  fats,  but  the  upper  layer 
was  beautifully  green. 

There  are  also  citrates,  and  probably  other  organic  acids  and 
nitrates  in  coffee.  J.  Buig  found  in  raw  dry  coffee  -054  per 
cent,  of  nitrate  of  potash,  in  roast  -O-ll  per  cent. 

The  following  table  gives  the  general  composition  of  various 
commercial  varieties  of  coffee  : — 


Gummy 
Matter. 

.g 

u 
83 

C3 
O 

Fat. 

Tannic 

and 
Caffeo- 
tannic 
Acids. 

Cellulose. 

Ash. 

Potash. 

Phos- 
plioric 
Acid. 

Finest  Jamaica  Plan-) 
tation,  .       .  .\ 

25-3 

1-43 

14-76 

22-7 

33-8 

3-8 

1-87 

0-31 

Finest  Green  Mocha, 

22  f) 

o(;4 

21-70 

23-1 

29-9 

4-1 

2-13 

0-42 

Ceylon  Plantation,  . 

23-8 

1  -.53 

14-87 

20-9 

30  0 

4-0 

0-27 

Washed  Rio,  . 

27-4 

1-14 

15-!)5 

20-9 

32-5 

4-5 

0-51 

Costa  Plica, 

20-G 

M8 

21-12 

21  1 

.33  0 

4-9 

0-4C 

Malabar, 

2r,-8 

0-88 

18-80 

20-7 

31-9 

4-3 

0-60 

East  Indian,  . 

24-4 

I  01 

17  00 

19-5 

3C-4 

*  JoitriK  /iir  Pralc.  Chemie,  xxii.  398. 
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Some  analyses  of  DrageudorfF  may  be  also  quoted  : — * 


TABLE  XXVI. 


 .  

Caffeine. 

Ash. 

Potash. 

Phn  ^linHp 

Acid. 
Per  cent 

1.  iirowii  Jrreanger, 

071 

4  80 

... 

0  42 

2,  Mocha,  yellow,  very  fine, 

0-64 

4-06 

2'13 

0  42 

3.  AlenadOj  yellow,  . 

1  '22 

4  03 

... 

0  39 

4,       , ,  blue, 

1  '38 

4'11 

... 

0  36 

5.  Alexandrian  Moclia, 

0'S4 

4-19 

... 

044 

6.  Jamaica  Plantation,  very  fine, 

143 

3  83 

1-87 

031 

7.  Surinam,  1st  quality  (Java),  . 

1'78 

4-39 

0  56 

8.  Preanger,       •        .       .  . 

0'93 

4-36 

... 

0  35 

9.  Surinam,  2nd  quality  (Java),  . 

1'04 

4-77 

... 

0-33 

10.  Ceylon  Plantation,  ,  . 

0  7o 

4  "02 

... 

0  31 

XL*   i eiiow  udva,  .... 

4  dl 

... 

0  28 

iz.  vv est  incLian  (Java), 

1  22 

421 

... 

0  32 

1  o .  ivi  y  s  or e,  .       .       ,       ,  , 

1  '23 

4 '20 

2  12 

0  31 

i-i.  iviaiauar,        .       •       ,  , 

O'SS 

4'27 

... 

060 

lO.    UilVdjj  ..... 

4  01 

0'41 

16.  Costa  Rica,  .... 

1-lS 

4-94 

0-46 

17.  Ceylon  Plantation,  , 

153 

4'00 

0-97 

IS.  Washed  Eio,  .... 

1-14 

4-53 

0-61 

19.  Native  Ceylon, 

1-14 

4-65 

0-72 

20.                 ,,       1st  quality,  . 

0-87 

4-65 

0-41 

21.       ,,        ,,       2nd  „ 

1-54 

4-80 

0-44 

22.  African  Mocha, 

0-70 

4-70 

2-80 

0-38 

23.  Jamaica,  .... 

0-67 

4-82 

2  83 

0-42 

24.  Native  Ceylon,  3rd  quality,  . 

1-59 

4-87 

2-60 

0-40 

25.  Sautos,  ..... 

146 

4-81 

2-67 

0-48 

§  213.  Analysis  of  Coffee. — The  liygroscopic  moisture,  theme, 

*  There  is  also  a  very  elaboi-ate  analysis  of  coffee  made  by  Paj'en,  at  a' 
date  when  food  analysis  was  not  so  well  understood  as  now.  It  is  probably 
a  fair  approximation  as  regards  the  more  important  constituents,  but  the 
percentage  of  ash  can  hardly  be  correct. 


Cellulose,   34-000 

Water  (Hygros.),  12-000 

Fat,  10  to  13-000 

Glucose,  Dextrine,  &c.,   ......  15-000 

Legumin,        .       .       .       .       .       .       .       ]  looOO 

Caffeate  of  Potash  and  Caffeine,      .       .       .     3-5  to  5-000 

Nitrogenous  substance,  3-000 

Free  Caffeine,  ........  0-800 

Concrete  Essential  Oil,  0  '001 

Aromatic  Fluid  Essential  Oil  q-OO'' 
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gum,  astriugent  principles,  and  asli  are  all  determined  precisely 
as  in  the  case  of  tea. 

The  coffee  fat  may  be  conveniently  estimated  by  putting  a 
known  quantity  in  the  fat-extraction  apparatus  figured  at  page 
67  ;  the  best  solvent  to  use  will  be  petroleum  ether,  since  it 
has  less  solvent  action  on  the  theine  than  ether.  When  the 
process  is  finished,  the  petroleum  is  evaporated  to  dryness  in  a 
tared  dish.  As  thus  obtained,  the  fat  is  almost,  but  not  quite, 
pure. 


ADULTERATIONS  OF  COFFEE  AND  THEIR  DETECTION. 

§  214.  The  sophistications  usually  enumerated  ai-e  chicory, 
roasted  wheat  and  beans,  rye  and  potato  flours,  mangel-wurzel, 
acorns,  lupine  seeds,  ground  date-stones,  and  burnt  sugar.  The 
coffee  is  usually  adulterated  when  in  powder,  but  patents  have 
been  taken  out  for  compressing  ground  coffee  with  chicory  into 
the  shape  of  berries. 

The  sophistication  of  coffee  was  at  one  time  a  regularly- 
organised  industry ;  and  there  existerl,  some  years  ago,  two 
maniifactoiies  in  France — one  at  Lyons  and  the  other  at  Havre — 
expressly  established  for  the  purpose  of  mixing  cofiee  with  bui-nt 
cereals  and  the  scorched  outer  covering  of  cocoa.  Without 
venturing  to  assert  that  coffee  is  at  the  present  time  adulterated 
in  England  with  chicoiy  alone,  it  is  certain  that  other  admix- 
tures are  of  the  greatest  rarity. 

A  preliminary  examination  will  in  a  few  minutes  detect,  so 
far  as  chicory  is  concerned,  whether  it  has  been  added  or  not. 
If  the  ground  coffee  be  sprinkled  on  water,  nearly  the  whole  of 
it  floats  ;  if  chicory  be  present,  the  chicory  separates  and  sinks  to 
the  bottom,  imparting  a  brown  colour  to  the  liquid.  lu  this  way, 
indeed,  a  tolerably  complete  separation  of  coffee  and  chicoiy  may 
with  care  be  obtained.  The  portions  which  sink  to  the  bottom 
are,  of  course,  examined  microscopically.  They  are  always  soft 
to  the  touch,  very  diflerent  from  the  hard,  gritty  feeling  of  coffee 
particles  ;  and  put  under  tlio  microscope,  the  difference  of  struc- 
ture is  at  once  apparent,  for  the  loose,  large  cells  of  the  chicory 
root,  with  dotted  vessels  and  brandling  laticiferous  ducts,  are 
readily  seen  and  appreciated.* 

*  Chicory  is  so  readily  detected  that  wo  scarcely  require  a  direct  chemi- 
cal test.  A,  Franz  has,  however,  pointed  out  that  an  infusion  of  coffee, 
when  treated  with  copper  acetate  and  liltered,  yields  a  greenish-yellow 
filtrate ;  an  infusion  of  coU'ee  containing  chicory  yields,  when  similarly 
treated,  a  dark  red  brown  liltrate.  — yl/c/f.  Pharni.  [.5],  29S-.302. 

A  method  of  detecting  chicory  has  been  described  by  C.  Hussou. 
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When  chicory  is  mixed  with  coffee,  the  chemical  composition 
of  the  mixture  shows,  in  some  particulars,  a  marked  deviation 
from  that  of  pure  coffee. 

Letheby's  analysis  of  chicory  is  as  follows  : — 


Raw  root.    Kiln  dried. 


Hygroscopic  Moisture, 
Gummy  Matter, 
Ghicose  or  Grape  Sugar, 
Bitter  Extractive, 
Fatty  Matters,  .... 
CeUulose,  Inuliiie,  and  Woody  Matte: 
Ash,  ...... 


77  0 
7-5 
1-1 
4-0 
0-6 
9  0 
0-8 


150 
20-8 
10-5 
19-3 

1-9 
29-5 

3-0 


Composition  of  the  roasted  root  : — 

Hygroscopic  Moisture, 

Gummy  Matter,  .... 

Glucose,  ..... 

Matter  like  Burnt  Sugar, 

Fatty  Matter,  .... 

Brown  or  Burnt  Woody  Matter, 

Ash,  


(2.) 

14-5 

12-8 

9-5 

14-9 

12-2 

10-4 

29-1 

24-4 

2  0 

2  "2 

28-4 

28-5 

4-3 

6-8 

The  ash  of  these  had  the  following  composition  : — 


Chloride  of  Potassium, 
Sulphate  of      , , 
Phosphate  of  ,, 

,,  Magnesia, 

,,  Lime, 
Cai-bonate  of  ,, 
Alumina  and  Oxide  of  Iron, 
Saad,  .... 


0-22 
0-97 
1.41 
0-90 
0-40 
0-10 
0-20 
0-70 


0-45 

0-  98 

1-  37 
0-53 
0-81 
0-26 
0-20 

2-  20 


Chicory  influences  the  composition  of  coffee  as  follows  : — 
(1.)  It  decreases  the  gum,  the  latter  seldom  rising  in  chicory 

to  more  than  15  per  cent.,  whilst  in  coffee  it  has  not  been  found 

]ess  than  from  21  up  to  28  per  cent. 


According  to  the  latter,  the  chicory  is  often  prepared  by  roasting  with 
rancid  fat.  He  discovers  this  by  putting  in  a  flask  10  arms,  of  chicory  ■with 
50  grms.  of  glycerine  and  20  drops  of  hydrochloric  acid,  and  the  mixture  is 
boiled  and  tiltered.  The  filtrate  is  added  to  an  equal  volume  of  ether, 
and  placed  in  a  flask  which,  again,  is  put  in  a  bath  with  boiling  water. 
When  j)ure  ether- vapour  rushes  out  of  the  bottle,  the  vapour  is  lit,  and  under 
the  combined  heat,  the  fatty  matter  i-ises  to  the  surface  of  the  glycerine,  and 
IS  dissolved  in  the  ether.  When  the  Jlame  diminishes  in  intensity,  it  is 
extinguished,  and  the  ether  allowed  to  evaporate  spontaneously.  Ou 
exposure  to  cold,  fatty  drops  form  gradually  ;  these  are  examined  by  the 
microscope,  and  are  drops  of  crystalline  fats,  such  as  are  not  yielded  by  pure 
coSee. 
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(2.)  It  increases  in  sugar,  roasted  coffee  having  seldom  so 
much  as  2  per  cent,  of  sugar  ;  whilst  chicory,  when  roasted, 
usually  has  at  least  8  or  9  per  cent. 

(3.)  It  decreases  the  fatty  matter,  the  fat  of  chicory  ranging 
from  1  to  over  2  per  cent.,  that  of  coffee  from  about  14  per  cent, 
up  to  over  20  per  cent. 

(4.)  It  decreases  the  tannin  and  caffeo-tannic  acids,  chicory 
being  destitute  of  tannin. 

(5.)  It  decreases  the  caffeine,  chicory  possessing  no  alkaloid. 

(6. )  It  profoundly  modifies  the  constitution  of  the  ash,  especially 
by  introducing  silica,  which  is  not  a  component  of  coffee  ash. 
The  main  differences  are  thus  as  follows  ; — 


Coffee  Ash. 


Silica  and  Sand,  . 
Carbonic  Acid, 
Sesquioxide  of  Iron, 
Chlorine, 

Phosphoric  Acid,  . 
Total  Soluble  Ash, 


Per  cent. 

Per  cent. 

10 

69  to  35-88 

'.       '  14-92 

1 

78  to  3-19 

0-44  to  0-98 

3 

-13  to  5-32 

0-26  to  Ml 

3 

-28  to  4-93 

10  00  to  11  00 

5 

00  to  6-00 

75-00  to  85-00 

21 

00  to  35  00 

Some  approximate  idea  (altliough  no  accurate  results)  may 
be  obtained  of  the  amount  of  chicory  present,  if  a  careful 
determination  of  the  soluble  ash  is  made.  If  we  take  the 
soluble  ash  of  chicoiy  as  1-74,  and  that  of  coffee  as  3  per  cent., 
then  the  following  table  may  be  used  : 

TABLE  XXVII.,— Giving  the  Theoretical  Quantity  of  Soluble 
A.SH,  Corresponding  to  Various  Admixtures  of  Chicory 
AND  Coffee. 


Percentage  of 
Chicory. 

Percentage  of 
Soluble  Ash. 

Percentage  of 
Chicory. 

Percentage  of 
Soluble  Ash. 

5 

2-94 

50 

2-58 

10 

2-88 

55 

2-56 

15 

2-82 

60 

2-52 

20 

2-79 

65 

2-50 

25 

2-74 

70 

2-48 

30 

2-70 

75 

2-46 

35 

2-G7 

80 

2-43 

40 

2-G4 

85 

2-41 

45 

2-60 

90 

2-40 

By  making  standard  infusions  of  pure  coffee  and  chicory,  and 
then  taking  the  same  weight  of  the  suspected  cofl'ce,  and  com- 
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paring  the  colour,  it  is  possible  to  obtain  some  idea  of  the 
quantity  of  chicory  added 

Leebody  recommends  this  to  be  done  as  follows: — Take  1  grm. 
of  the  unknown  mixture,  and  1  grm.  of  a  standard  mixture  of 
equal  parts  of  chicory  and  coffee;  remove  all  the  colouring- 
matter  from  each  sample,  and  make  the  extract  of  each  up  to 
the  same  bulk.  Put  50  cc.  of  the  filtered  extract  from  the 
unknown  mixture  in  the  Nessler  cylinder,  and  determine  by  trial 
how  many  cc.  of  the  extract  from  the  standard  mixture,  together 
with  sufficient  distilled  water  to  make  up  the  50  cc,  will  give 
the  same  colour.  In  calculating  the  percentage  of  chicory 
present,  closely  accurate  results  are  obtained  in  practice  by 
assuming  the  tinctorial  power  of  chicory  to  be  three  times  that 
of  coffee. — (J.  E,.  Leebody,  Chemical  News,  xxx.  243.) 

Messrs.  Graham,  Stenhouse,  and  Campbell  proposed  to  take 
the  density  of  different  infusions  of  coffee,  &c.,  as  a  guide  to  its 
adulteration;  and  this  is  found  in  practice  to  work  tolerably 
well,  and  to  give  approximative  results.  The  following  solutions 
were  made  by  them  by  first  treating  the  powder  of  the  roasted 
substance  with  ten  times  its  weight  of  cold  water,  boiling,  and 
filtering,  and  determining  the  density  at  60°  Fahr. : — 


Spent  Tan, 
Lupine  Seed,  . 
Acorns,  . 
Peas, 

Mocha  Coffee, 
Beans,  . 

Neilgherry  Coffee, 
Plantation  Ceylon  Coffee, 
Java  Coffee,  . 
Jamaica  Coffee, 
Costa  Pica  Coffee, 

Native  Ceylon  Coffee, 
Brown  Malt,  . 
Parsnips, 
Carrots, 
Bonk  a,  . 
Black  Malt,  . 
Turnips, 
Eye-meal, 
Dandelion  Eoot,  . 
Eed-Beet, 
English  Chicory,  . 
Yorkshire  Chicoiy, 
Foreign  Chicoiy,  . 
Guernsey  Chicory, 
Mangel- VVurzel,  . 
Maize,  . 

Bread  Easpings,  . 


00 
bJ 


■< 


1002 
1005 
1007 
1007 
1008 
1008 
1008 
1008 
1008 
1008 
1009 
1009 
1009 
1010 
1014 
1017 
1018 
1021 
1021 
1021 
1021 
1022 
1021 
1019 
1022 
102:1 
1023 
1025 
1026 


•14 
•70 
•30 
•30 
•00 
•40 
•40 
•70 
•70 
•70 
•00 
•05 
•00 
■90 
•30 
•10 
•50 
•20 
•40 
•60 
•90 
•10 
•70 
•10 
•60 
•26 
•50 
•30 
•30 
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When  the  microscope  has  detected  chicory,  and  it  is  certain 
that  nothing  but  chicory  is  present,  the  most  reliable  guide  is 
the  density  of  the  infusion.  Of  the  strength  given,  if  the 
specific  gravity  of  coffee  infusion  be  taken  as  1 000*5  and  that  of 
chicory  as  1022-0,  then  the  following  table,  from  the  author's 
experiments,  will  be  a  fair  guide  to  the  amount  of  adulteration. 
The  error  usually  lies  within  three  per  cent.,  while  with  regard 
to  the  soluble  ash,  the  possible  error  is  much  higher.  It  hence 
follows  that  the  analyst  must  be  very  careful  in  his  statements 
as  to  the  percentage  of  chicory.  The  certificate  should  say 
"about  .  .  .  percent.;"  or  supposing  that  from  the  soluble  ash 
and  from  the  specific  gravity,  as  well  as  from  the  microscopical 
examination,  a  coffee  seems  to  contain  40  per  cent,  of  chicory,  it 
will  be  safe  to  subtract  5  per  cent,  for  error,  and  give  the 
amount  as  "at  least  35 per  cent." 


TABLE  XXVIII. ,  GIVING  the  Approximate  Percentage  or  Chicory  in 
A  Decoction  of  Coffee  and  Chicory. 


Specific 
grayity. 

Percentage 
of  Chicory 
in  Mixture. 

Specific 
gravity. 

Percentage 
of  Cliioory 
in  Mixture. 

Specific 
gravity. 

Percentage 
of  Chicory 
in  Mixture 

Speclflc 
gravity. 

Percentage 
of  Chicory 
in  Mixture. 

1009-0 

3-74 

1011-5 

22-27 

1014-0 

40-74 

1016-5 

59-26 

1009-1 

4-39 

1011-6 

23-02 

1014-1 

41-49 

1016-6 

60-01 

1009  2 

5-14 

1011-7 

23-77 

1014-2 

42-24 

1016-7 

60-76 

1009-3 

5-89 

1011-8 

24-52 

1014-3 

42-99 

1016-8 

61-51 

1009-4 

6-64 

1011-9 

25-27 . 

1014-4 

43-74 

1016-9 

62-26 

1009-5 

7-39 

1012-0 

25-93 

1014-5 

44-49 

1017-0 

62-97 

1009-6 

8-14 

1012-1 

26-68 

1014-6 

45-24 

1017-1 

63-72 

1009-7 

8-89 

1012-2 

27-43 

1014-7 

45-99 

1017-2 

64-47 

1009-8 

9-64 

1012-3 

28-18 

1014-8 

46-74 

1017-3 

65-22 

1009-9 

10-39 

1012-4 

28-93 

1014-9 

47-49 

1017-4 

65-97 

1010-0 

11-12 

1012-5 

29-68 

1015-0 

48-15 

1017-5 

66-72 

1010-1 

11-87 

1012-6 

30-43 

1015-1 

48-90 

1017-6 

67-47 

1010  2 

12-62 

1012-7 

31-18 

1015-2 

49-65 

1017-7 

68-22 

1010-3 

13-37 

1012-8 

31-93 

1015-3 

50-40 

1017-8 

68-97 

1010-4 

1412 

1012-9 

32-68 

1015-4 

5115 

1017-9 

69-72 

1010-5 

14-87 

10130 

33-34 

1015-5 

51-90 

1018-0 

70-38 

JOlO-6 

15-62 

1013  1 

34-09 

1015-6 

52-65 

10181 

71-12 

1010-7 

16 -.37 

1013-2 

34-84 

1015-7 

53-40 

1018-2 

71-87 

1010-8 

17-12 

1013-3 

35-59 

101 5 -8 

54-15 

1018-3 

72-62 

1010-9 

17-87 

1013-4 

36 -.34 

1016-9 

54-90 

1018-4 

73-37 

1011-0 

18-52 

1013-5 

37-09 

10160 

55-65 

1018-5 

74-15 

1011-1 

19-27 

10136 

37-84 

10161 

56-40 

1018-6 

74-90 

1011-2 

20  02 

1013-7 

38-59 

1016-2 

57-15 

1018-7 

75-65 

1011-3 

20-77 

1013-8 

.39 -.34 

1016-3 

57-90 

1018-8 

76-40 

1011-4 

21-52 

1013-9 

40-09 

1016-4 

58-65 

1018-  9 

1019-  0 

77-15 
77-78 

24 
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§  215.  W.  L.  Hiepe,  taking  into  consideration  the  fact  that 
pure  coffee  has  "03  per  cent,  of  chlorine,  while  chicory  has  •2S 
per  cent,  of  chlorine,  has  proposed  to  calculate  the  percentage  of 
mixtures  on  this  data.  If  this  method  should  be  accepted,  it  will 
necessitate  a  most  careful  incineration  ;  for  in  the  majority  of 
ordinary  cases  involving  ash-taking,  two-thirds  of  the  chlorine  is 
volatilised. 

Prunier,  again,  has  attempted  to  determine  the  coffee  directly 
by  weight :  2  grms.  of  the  mixture  of  coffee  and  chicory  are 
weighed  out,  and  the  finer  powder  is  sepai-ated  by  sifting 
thi'ough  fine  silk.  This  is  composed  entirely  of  coffee,  as  may 
be  proved  by  microscopic  examination.  That  which  remains  on 
the  silk  sieve  is  moistened  with  water  in  a  test  glass  ;  after 
some  houi'S  it  is  thrown  ujDon  a  piece  of  stretched  cloth,  and 
crushed  with  the  fingers.  The  gi'ains  of  coffee  resist  the  pres- 
sure, whilst  those  of  chicory  penetrate  under  these  circumstances 
into  the  cloth,  and  adhere  to  it.  The  cloth  is  dried,  and  it  is 
then  easy  to  detach  the  coffee,  which  is  added  to  the  fine 
powder  from  the  first  operation,  and  weighed  after  complete 
drying  ;  the  chicory  is  calculated  from  the  loss. 

H.  Hager's  recent  investigations  into  coffee  adulteration  may 
be  detailed  as  follows  : — To  examine  the  unroasted  coffee  for 
artificial  colouring-matters,  he  treats  the  berries  with  cold  water; 
when,  if  the  berries  are  in  their  natural  state,  the  water  is  scarcely 
coloured.  50  grms.  are  next  macerated  with  water,  to  which 
1  per  cent,  of  nitric  acid  has  been  added,  and  then  hydric  sul- 
phide is  passed  through  the  filtrate ;  from  this  solution  chloro- 
form will  extract  indigo  if  jH-esent.  Berlin-blue  and  alkanet  pig- 
ment may  be  dissolved  out  from  the  berries  by  carbonate  of  potash 
solution,  and  then  precipitated  by  hydrochloric  acid.  He  finds 
also  that  when  thrown  into  water,  imitation  or  artificial  berries 
will  sink  to  the  bottom,  while  good  berries  swim.  On  treating 
3  grms.  of  powdered  coffee  with  20  grms.  of  cold  water,  and 
filtering,  after  the  lapse  of  half  an  hour  the  filtrate  should  be 
feebly  yellow,  and  not  taste  in  the  least  degree  bitter ;  in 
presence  of  lupin-seeds  the  taste  is  markedly  bitter. 

With  regard  to  the  "  swimming  test,"  he  recommends  a 
saturated  solution  of  rock  salt.  2  grms.  of  the  coflee  ai'e  placed 
in  a  narrow  test  cylinder  with  15  to  20  cc.  of  the  cold  saline  solu- 
tion; the  coftee  is  shaken  up  with  this,  and  then  allowed  to 
stand  for  an  hour;  after  this  time  the  coffee  swims  to  the  siir- 
face,  and  the  water  remains  uncoloured.  Lvipin-seeds  generally 
colour  the  salt  solution  yellow,  and  give  a  strong  deposit. 
Xho  filtrate  from  pure  coftee  gives  no  precipitate  with  picric 
acid,  tannin,  iodine,  or  alkaline  copper.    Ferric  chloride  strikes 
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a  green  coloiir  with  false  coffee  ;  with  starches  iodine  strikes  a 
blue  colour ;  with  astringent  matters,  ferric  chloride  a  black 
colour  ;  if  sugar  from  chicory,  dates,  &c.,  is  present,  alkaline 
copper  solution  is  reduced. 

Lupin-seeds  give,  when  extracted  by  weak  sulphuric  acid 
water,  only  a  slight  turbidity  with  mercury  potassic  iodide. 
Coffee,  on  the  contrary,  under  the  same  circumstances,  gives  a 
strong  turbidity  ;  but  if  this  is  doubtful,  the  theine  can  be 
exti-acted  from  the  solution  by  shaking  it  with  chloroform  or 
benzole,  which  dissolves  the  theine,  but  leaves  the  lupin. 

Hager  has  also  a  different  method  of  taking  the  "  extract :" 
10  grms.  of  coffee,  1  grm.  of  oxalic  acid,  and  80  cc.  of  water  are 
mixed  by  shaking,  and  digested  at  100°  for  3  hours,  filtered,  and 
washed  with  water  until  the  filtrate  is  no  longer  coloured.  The 
filtrate  is  evaporated  to  dryness.  Pure  coffee  at  the  most  yields  in 
this  manner  2-5  to  3  grms.  of  extract  (inckiding  the  oxalic  acid), 
while  chicoiy  gives  5  to  7  grms.,  and  other  substances  similarly 
much  increase  the  extract.  His  reason  for  using  oxalic  acid  is 
because  of  its  changing  starch  into  dextrine,  and  quickening  the 
filtration. 

§  216.  The  seeds  of  Cassia  occidentalis  *  are  now  being,  to 
some  extent,  xised  as  an  adulterant,  and  as  a  substitute  for  cofiee. 
In  Germany  the  ground  and  roasted  seeds  have  been  sold  under 
the  name  of  "  Mogdad  "  coffee,  and  it  is  said  that  neither  by  the 
taste  nor  by  the  general  appearance  can  the  addition  of  cassia 
seeds  be  detected,  if  such  addition  does  not  exceed  one-fifth  of 
the  weight  of  the  coffee.  The  seeds  are  small,  flattened,  oval, 
smooth,  marked  on  each  side  of  the  two  flattened  surfaces  with 
a  slight  circular  groove  or  depression  ;  when  magnified  the  sur- 
face of  the  seed  is  somewhat  tuberculated. 

The  integuments  are  wonderfully  hard  and  leathery,  and  in 
tlie  fresh  state  most  difficult  to  grind  or  cut ;  they  are,  indeed, 
about  the  consistence  of  tlie  leatheiy  seeds  of  Nux  vomica.  The 
microscopical  structure  is  very  distinctive ;  the  covering  of  the 
seed  has  first  a  layer  of  hard  tissue,  with  fine  striaj-like,  per- 
pendicular tubes  radiating  from  the  centre  towards  the  circum- 
ference. These  have  a  marked  resemblance  to  the  dentine  of 
teeth,  and  may  be  appropriately  called  the  dentine-like  layer. 
There  is  a  dark  layer  beneath  the  dentine  layer,  and  this 
passes  into  some  thick-walled  four-  to  five-sided  oblong  cells, 
filled  with  an  orange-red  colouring-matter.  Within  the  coloured 
cells  are  oval,  round,  or  angular  cells  (according  to  the  pressure). 


*  Holler  :  J.  Dbifjl.  Pol.  Journ.,  2:57,  p.  CI  ;  2.38,  p.  1G4. 
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filled  with  granular  matter,  and  making  up  most  of  the  sub- 
stance of  the  seed  (see  fig.  40). 


Fig.  40. — Section  of  Seed  of  Cassia  occitZewtaKs,  x  170. 


The  composition  of  Mogdad  coffee  is  as  follows  : — 

Cellulose,   21-21 

Fatty  oH,   2*55 

Plant  mucus,     .       .       .       .       .       .       .  36 '60 

Astringent  substance,  gallo-tannic  acid,     .       .  5  "23 

Inorganic  salts,  .......  4 '33* 

Nitrogenous  organic  matters  and  loss,       .       .  15  "13 

Nitrogen-free  organic  matter,     .       .       .       .  3  '86 

Water   1109 


§  217.  Date  Coffee. — Eecently  there  has  been  established  a 
company  for  the  manufacture  of  what  is  termed  "  Date  coffee," 
a  preparation  made  from  torrified  dates,  and  mixed  with  coffee, 
in  the  proportion  of  one-fourth  cofiee  and  three-fourths  dates. 
A  sample  recently  examined  presented  the  appearance  of  a  dark- 
brown,  rather  sticky  powder,  having  a  sweetish  smell,  but  no 
coffee  odour.  On  being  thrown  into  water  the  water  was  imme- 
diately coloured,  and  the  powder  sank  to  the  bottom.  The 
specific  gravity  of  the  infusion  was  nearly  that  of  pure  chicory, 
viz.,  1019-G.  The  microscope  showed  some  fragments  of  coffee, 
as  well  as  large  loose  colls  and  structures,  quite  difierent  from 


*  The  seeds  of  Cassia  occidentalis  give  10  per  cent,  of  ash. 
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those  of  coffee,  and  there  was  scarcely  a  trace  of  theine.  The 
general  analysis  gave  : — 

Per  cent. 

Water,  5-25 

Sugar,  •     .       .  ,15-29 

Extract,  46-50 

Total  ash.   ISlubUl-O?!     •       ■       •       •  ^-85 

The  ash  contained  -262  P2O5  and  -13  silica  ;  -628  per  cent,  of  an 
oily  and  resinous  matter  was  also  separated.  The  large  amount 
of  sugar  would  alone  be  sufficient  to  distinguish  it  from  coffee,  and 
there  will  not  be  the  slightest  difficulty  in  the  identification  of 
the  substance  should  it  be  ever  used  in  such  a  manner  as  to  come 
under  the  Sale  of  Food  and  Drugs  Act. 

In  regard  to  other  adulterations,  a  great  variety  of  starch- 
holding  substances,  with  the  cereals,  may  be  entirely  excluded, 
as  certainly  not  present,  if  no  dirty-blue  or  violet  coloration  is 
produced  by  iodine  in  an  infusion  of  coffee.  In  order  to  apply 
this  test  propex'ly,  the  infusion  should  be  decolourised,  which  is 
most  rapidly  done  by  a  sokition  of  permanganate  of  potash. 
Coffee  itself,  as  before  stated,  contains  no  starch. 

Burnt  sugar,  or  caramel,  is  usually  detected  by  observing  the 
rapid  darkening  of  water  on  which  a  little  coffee  is  sprinkled,  and 
the  particles  (on  examination  in  water  by  the  microscope)  reveal 
themselves  by  the  absence  of  organised  sti'ucture,  and  the  coloured 
ring,  arising  from  partial  solution,  round  each. 
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COCOA  AND  CHOCOLATE. 

§.  218.  The  cocoa  of  commerce  is  made  from  the  roasted  seeds* 
of  the  Theohroma  cacao,  a  tree  belonging  to  the  natural  order 
ByttneriacecB,  whole  forests  of  which  exist  in  Demerara.  It  is 
also  more  or  less  extensively  grown  in  Central  America,  Brazil, 
Peru,  Caraccas,  Venezuela,  Ecuador,  Grenada,  Essequibo,  Guaya- 
quil, Surinam,  and  some  of  the  West  Indian  Islands  ;  and  its 
cultivation  has  also  been  attempted  (in  most  cases  successfully) 
in  the  East  Indies,  Australia,  the  Philippine  Islands,  the  Mauri- 
tius, Madagascar,  and  Bourbon. 

The  principal  kinds  of  cocoa  in  commerce  are  known  under 
the  names  of  Caraccas,  Surinam,  Trinidad,  Grenada,  Jamaica, 
Dominica,  Guayaquil,  Venezuela,  Bahia,  Brazil,  and  St.  Lucia. 
The  seeds  ai'e  officinal  in  the  French  and  Norwegian  pharma- 
copoeias. They  are  ovate,  flattened,  2  to  2|  cm.  [-7  to  -9  inch] 
long,  and  1  to  H  cm.  ["39  to  '58  inch]  broad,  and  covered  with  a 
thin  red  or  grey-brown  friable  shell.  The  taste  of  the  fresh 
seed  is  oily,  bitter,  and  rather  iinpleasant. 

The  seeds,  on  being  submitted  to  a  kind  of  fermentation  (tech- 
nically called  the  sweating  process),  lose  in  a  great  measure  this 
disagreeable  flavour,  and  develop  an  aromatic  smell.  Seeds  which 
have  been  subjected  to  this  treatment  are  best  suited  for  the 
manufacture  of  chocolate,  while  those  which  have  been  simi)ly 
roasted  are  richer  in  cocoa-butter. 

§  219.  Microscopical  Structim'c  of  the  Seed. — The  seed,  when 
deprived  of  the  husk,  consists  for  the  most  part  of  several 
irregularly-shaped  angular  divisions,  filled  with  a  large  number 
of  oval  cells,  within  which  is  contained  a  peculiar  starch,  as  well 
as  a  fatty  matter.  Near  the  surface  these  cells  ai-e  angular,  and 
of  a  pronounced  red  colour,  but  the  tint  is  somewhat  vai'iable. 

The  starch-granules  are  perfectly  I'ouud,  normal  measurement 


*  The  seeds  simply  dried  are  also  sold. 
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about  0-52  mm.  [-00021  inch],  and  are  often  seen  to  liave  a  some- 
what obscure  starred  hilum.  They  strike  a  pronounced  blue 
colour  with  iodine. 

The  husk  contains  from  without  inwards  the  following  struc- 
tures :  — 

(1.)  A  superficial  layer  of  large,  very  characteristic  tubular 
fibres,  containing  granular  matter  and  little  corpuscles. 

(2.)  A  single  layer  of  elongated  cells,  with  their  greatest 
diameter  transversely  to  the  axis. 

(3.)  Large  angular  cells  in  several  layers  ;  those  in  the  centre 
mucilaginous,  constituting  the  greatest  bulk  of  the  envelope. 

(4.)  A  very  delicate  membrane,  formed  of  small  cells,  enclos- 
ing fatty  matters.  This  membrane  adheres  to  the  almond,  and 
portions  of  it  may  always  be  seen  in  the  chocolates  of  commerce. 

Another  hyaline  and  fibrous  structure  connected  with  the  last, 
and  full  of  crystals,  is  usually  described,  as  well  as  isolated,  dark, 
elongated  bodies.  The  whole  structiire,  therefore,  is  complex  in 
a  high  degree,  but  familiarity  with  the  appearance  presented  by 
the  different  portions  of  the  seeds  is  readily  obtained. 

§  220.  The  commercial  varieties  of  cocoa  are  very  numerous  : — 
Cocoa  nibs  are  simply  the  bruised,  roasted  seeds  deprived  of  their 
coverings  ;  and  Jlake  cocoa  is  composed  of  the  nibs  ground  in  a 
particular  form  of  mill.  The  soluble  cocoas  are — ground  cocoa, 
diluted  with  sugar  and  starches — e.g., 

Epps^s  cocoa,  according  to  an  analysis  advanced  as  evidence 
in  the  case  of  Gibson  v.  Leafer,  is  composed  of  cocoa  40  per  cent,, 
sugar  44  per  cent.,  and  stai-ch  IC  per  cent. 

Granulated  cocoa  is  mostly  a  mixture  of  nibs,  arrow-root,  and 
sugar  ;  Homaiopathic  cocoa,  a  preparation  of  the  same  kind  with- 
out the  sugar  ;  Maravilla  cocoa  contains  sugar  and  much  sago 
flour ;  and  cocoa  essence,  cocoatine,  kc,  consist  of  piire  cocoa 
deprived  of  60  to  70  per  cent,  of  its  fat. 

The  above  are  examples  only.  The  analyst  is  liable  to  meet 
any  day  with  some  new  patent  cocoa,  for  the  consumption  of  this 
food  is  greatly  on  the  increase.* 

§  221.  Chocolate. — In  the  manufacture  of  chocolate  the  cocoa- 
nibs  are  ground  in  a  mill,  the  rollers  of  which  are  usually  heated 
by  steam,  so  as  to  soften  the  cocoa-butter  ;  and  in  this  way  a  paste 
is  formed  which  is  mixed  with  refined  sugar,  and  very  often  otlier 
substances,  and  pressed  into  moulds.  Some  of  the  receipts  for 
chocolate  are  as  follows  : — 

♦  That  the  consumption  of  cocoa  is  increasing  is  evidenced  by  the  quantity 
imported— in  round  numbers,  10,000,000  lbs.  in  1876,  against  9,000,000  lbs. 
in  1875. 
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(1.)  French  Chocolate. — 2  beans  of  Vanilla  rubbed  into  a  powder 
with  sugar,  and  1  lb.  of  best  sugar  to  every  3  lbs.  of  cocoa  nibs. 

(2.)  Spanish  Chocolate. — {a.)  Curagoa  cocoa  11,  sugar  3,  Vanilla 
cinnamon  cloves  j-l-g-.  (6.)  Oaraccas  cocoa  10,  sweet 
almonds  1,  sugar  3,  Vanilla 

Vanilla  Chocolate. — A  chocolate  paste  highly  flavoured  with 
Vanilla,  and  generally  with  other  spices  as  well,  {a.)  Caraccas 
cocoa  7,  Mexican  Vanilla  cinnamon  and  sufficient  cloves 
to  flavour.  (6.)  Best  chocolate  paste  21,  Vanilla  4,  cinnamon  |-, 
cloves  and  musk  in  small  quantities. 

The  chocolates  of  English  commerce  yield  but  little  cocoa- 
butter,  since  they  are  mostly  prepared  from  the  cake  left  after 
expression  of  the  oil. 

§  222.  The  average  chemical  composition  of  cocoa,  according 
to  some  English  analyses,  is  as  follows  : — 


J.  A.  Wanldyn. 

J.  Muter. 

Cocoa  butter,  .... 

.  .  50-00 

42-94 

Theobromin,  .... 

1-50 

•90 

10-00 

19-03 

Albumen,  fibrine,  and  gluten, 

18-00 

12-21 

8-OU 

6-40 

Colouring-matter,  . 

2-60 

3-69 

6  00 

5-98 

3-60 

2-90 

Loss,  &c.,  .... 

0-30 

Cellulose,  .... 

5-95 

100-00 

The  peculiar  constituents  of  cocoa  are  then  two — viz.,  cocoa- 
butter  and  theobromin. 

Cocoa-butter,  Oleum  theobromce,  specific  gravity,  0-96  to  0-98;* 
melting  point,  29°  to  30°  3  solidifying  point,  24°,  is  a  yellow- 
ish-white, concrete  oil  about  the  consistency  of  tallow,  with  a 
chocolate  colour  and  an  agreeable  taste.  At  common  temperatures 
it  is  brittle,  the  fractui'e  is  smooth  and  equal,  and  examined  by 
a  lens  it  is  somewhat  crystalline.  It  is  fully  soluble  at  ordinary 
temperatures  in  two  parts  of  ether,  in  half  a  part  of  benzole,  as 
well  as  in  lUO  parts  of  cold  and  20  jjarts  of  hot  absolute  alcohol; 
its  solution  is  entirely  neutral  to  test  paper.  If  adulterated 
with  tallow,  wax,  paraffin,  or  stearin,  the  specific  gravity  will  be 
altered,  and  it  will  not  dissolve  to  a  clear  solution  in  the  quan- 
tity of  ether  named  above.  Pure  cocoa  butter  does  not  become 
rancid,  however  long  it  is  kept ;  but  the  admixture  of  most 

*  Its  specific  gravity  was  formerly  given  as  from  -89  to  '91  ;  but 
Hiickiger,  as  -well  as  Hirsch,  has  shown  that  this  is  too  low. 
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foreign  fats  impairs  this  property.  Cocoa-butter  is  visually  said 
to  consist  of  cocoa  stearin,  which  separates  in  warty  masses  on 
evaporating  an  ethereal  solution,  and  has  a  melting  point  of 
65°  with  a  little  olein.  Kingzett  has,  however,  recently 
described  two  new  fatty  acids  obtained  from  cocoa  fat,  one  of 
which  has  the  empiric  formula  Cg4Hj^28^2'  subject  ap- 

pears to  require  further  research.  The  best  method  of  extracting 
the  fat  is  to  exhaust  the  nibs  with  ether  in  the  apparatus  figured 
at  page  67. 

Cocoa  should  contain  at  least  20  per  cent,  of  cocoa  fat ;  if  less 
than  that  is  found,  it  should  be  returned  as  adulterated.* 

§  223.  Theobromin,  C^TI^'N^O^. — This  alkaloid  was  discovered  in 
1841  by  Woskresensky,  in  the  seeds  of  the  Theohroma  cacao  ;  it 
principally  resides  in  the  cotyledons,  and  in  smaller  quantities 
in  the  seed-coverings.  The  average  yield  of  theobromin  appears- 
to  be  1 J  per  cent. 

The  original  method  of  sej^aration  pursued  by  Woskresensky 
was — extraction  on  the  water-bath  with  distilled  water,  filtering 
through  linen,  precipitating  with  sugar  of  lead,  refilteriug,  freeing 
the  filtrate  from  excess  of  lead  by  SHg,  evaporating  to  dryness, 
and  subsequent  purifying  of  the  residue  by  solution  in  spix'it, 
and  treatment  with  animal  charcoal.  Mitscherlich,  again,  boils 
the  cocoa  with  a  weak  solution  of  sulphuric  acid  in  order  to- 
change  the  starch  into  sugar,  saturates  the  fluid  with  carbonate 
of  lead,  and  ferments  it  with  yeast  to  destroy  the  sugar.  On 
the  conclusion  of  the  fermentation,  the  fluid  is  boiled,  neutralised 
with  soda,  filtered,  concentrated  by  evaporation,  and  the  impure 
brown  theobromin  which  separates  boiled  in  hot  nitric  acid. 
This  nitric  acid  solution  is  precipitated  by  ammonia,  again 
dissolved  in  nitric  acid,  and  the  nitrate  obtained  by  evapoi'ation. 
According  to  Mitscherlich,  the  quantity  obtained  in  this  way  is 
much  greater  than  by  other  processes. 

A  speedy  method  of  determining,  with  very  fair  exactitude, 
the  percentage  of  theobromin  in  cocoa,  is  to  exliaust  a  weighed 
quantity  with  petroleum  ether,  mix  the  residue  with  a  little 
burnt  magnesia  and  water,  evaporate  to  dryness  at  60°  to  70°, 
and  then  exhaust  the  residue  witli  boiling  alcohol  of  80  per  cent., 
which  dissolves  out  the  theobromin.  On  driving  oif  the  alcohol 
by  evaporation,  tlie  substance  may  be  purified  sufficiently  for 
weighing  purposes  by  washing  with  petroleum  ether. 

G.  "Wolfram  has  recommended  tlie  following  process  for  the 
extraction   of  theobromin  : — 10  grms.  of  the   substance  are 

*  20  jier  cent,  is  the  standard  of  the  Society  of  Analysts ;  but  in  the 
writer's  opinion  tliis  is  much  too  low,  according  to  published  analyses. 
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powdered  and  exhausted  \nth  hot  water,  filtered,  and  the  fil- 
trate precipitated  by  ammoniacal  acetate  of  lead,  and  the  pre- 
cipitate washed  with  boiling  water,  until  the  filtrate,  acidified 
by  sulphuric  acid,  no  longer  gives  a  precipitate  with  phospho- 
tungstic  acid.  The  filtrate  is  made  alkaline  by  soda,  evaporated 
to  50  cc,  strongly  acidified  by  sulphuric  acid,  and  the  lead 
sulphate  filtered  off.  The  filtrate  is  now  precipitated  by  a  large 
excess  of  sodium  phosplio-tungstate,  and  the  precipitate  decom- 
posed by  hot  baryta  water  ;  the  barium  phospho-tungstate  is 
filtered  off,  and  the  filtrate  freed  from  baryta  by  adding  sul- 
phuric acid  in  very  slight  excess,  the  excess  being  got  rid  off  by 
adding  a  little  barium  carbonate.  The  alkaloid  is  obtained  by 
filtration,  and  evaporating  the  first  filtrate  to  dryness,  weighing, 
and  then  igniting,  and  again  weighing — the  difference  equals 
the  alkaloid.  The  ignition  is  necessary,  for  there  is  always  a 
little  baryta  which  has  not  been  got  rid  of  by  the  previous 
operations.  In  six  analyses  of  various  cocoas,  Wolfram  obtained 
as  a  maximum,  1"66  per  cent.;  as  a  minimum,  1'34  per  cent.; 
and  as  a  mean,  1"66  per  cent,  of  tlieobromin,  in  the  dried  cocoa- 
beans  divested  of  their  coverings  ;  while  the  dried  husk  of  the 
six  cocoas  contained  maximum  I'll,  minimum  "42,  mean  "76  per 
cent,  tlieobromin. 

Theobromin  forms  microscopic  rhombic  needles.  It  is  generally 
thought  to  sublime  between  296°  and  295°  without  decom- 
position, but  this  temperature  is  many  degrees  too  high.  The 
writer  finds  that  a  minute  fragment,  placed  in  the  subliming 
cell  elsewhere  described,  begins  to  give  fine  nebulse  at  134°, 
and  on  examining  the  mists  by  a  high  power,  they  are  i-esolved 
into  extremely  minute  dots ;  distinct  crystals  are  obtained  at 
temperatures  of  170°  and  above.  Theobromin  is  insoluble  in 
petroleum  ether,  and  not  very  soluble  in  ether,  1  part  requiring 
600  pai'ts  of  boiling  and  1,700  parts  of  cold  ether.  It  is  soluble 
in  alcohol,  1  part  requiring  47  parts  of  boiling  and  1,460  of  cold 
alcohol.  Its  solubility  in  water  is  stated  to  be  1  in  55  parts  at 
100°,  1  in  600  parts  at  20°,  and  1  in  1,600  at  0°.  It  is  some- 
what soluble  in  chloroform  and  warm  arayl-alcohol,  but  with, 
difiiculty  soluble  in  benzole. 

Theobromin  forms  easily  crystallisable  salts.  The  simple 
neutral  salts  are  decomposed  by  water,  with  the  formation 
of  basic  salts,  and  lose  their  acid,  if  it  is  volatile,  at  100°. 
A  hydrochloride  of  theobromin,  CyHgN^OjjHCl ;  a  nitrate, 
C7H8N402,NH03  ;  a  platinum  salt,  C7H8N402,HClPtCl2  +  2H2O; 
are  all  very  definite  ci'ystalline  compounds.  A  noteworthy  salt 
is  the  nitrate  of  silver,  wliich  is  formed  by  adding  a  solution  of 
argentic  nitrate  to  a  solution  of  nitrate  of  theobi'omin;  in  a  short 
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time  there  separate  silver- white  needles,  very  insoluble  in  water, 
of  the  composition  C^HgN^Og.NHOg  +  AgNOg. 

The  other  precipitants  of  theobromin  are — phospho-molybdic 
acid  (yellow)  and  chloride  of  gold  (long  needles).  Tannic  and 
picric  acids  only  produce  turbidity,  while  potass,  mercuric  iodide 
and  potass,  cadmium  iodide  do  not  precipitate.  A  characteristic 
reaction  of  theobi-omin  is  that  produced  by  peroxide  of  lead 
and  sulphuric  acid.  If  pei'oxide  of  lead  and  diluted  sulphuric 
acid  are  heated  with  theobromin,  avoiding  an  excess  of  the 
oxidising  agent,  C0„  is  developed,  and  the  colourless  filtrate  of 
sulphate  of  lead  gives  ofi"  ammonia  with  potash,  separates  sulphur 
on  treatment  with  SH,,  stains  the  skin  purple-red,  and  colours 
magnesia  indigo-blue. 

Theobromin  is  poisonous  to  kittens  (and  other  animals  of  simi- 
lar size)  in  such  large  doses  as  a  gi'amme.  It  appears  to  be 
separated  by  the  kidneys,  and  could  probably  be  discovered  in 
the  urine  of  any  person  taking  large  quantities  of  cocoa.  The 
method  of  research  successfully  used  by  Mitscherlich  is  as 
follows  : — The  urine  is  acidified  with  HCl,  filtered,  and  to  the 
filtrate,  acidified  with  nitric  acid,  a  solution  of  phospho-molybdate 
of  soda  is  added.  The  precipitate  is  collected,  and  treated  with 
baryta  water  until  it  is  strongly  alkaline,  warmed,  filtered,  and 
the  filti-ate  evaporated ;  the  residue  extracted  with  alcohol,  re- 
filtered,  and  the  filtrate  again  evaporated.  This  last  residue  is 
dissolved  in  a  drop  of  hydrochloric  acid,  and  precipitated  by 
ammonia.  The  alkaloid  may  now  be  collected  and,  if  necessary, 
purified. 

§  224.  The  Ash. — The  composition  of  the  ash  of  cocoa  seeds  is 
stated  by  Mr.  Wanklyn  to  be  as  follows  : — 

Composition  of  Ash  of  Cocoa-Seeds.  » 

Per  cent. 


Potash,   29-81 

Chloride  of  Sodium,   6-10 

Ferrous  Oxide,   1-60 

Alumina,   2*40 

Lime,        ........  7 '72 

Magnesia,  ........  7 '90 

Phosphoric  Acid,   24 '28 

Sulphuric  Acid,   1-92 

Carbonic  Acid,   0"98 

Silica,   5-00 

Sand,   1215 


The  percentages  of  ash  found  in  cocoa  are  given  as  follows : — 
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Percentage 
of  Ash. 

Common  Trinidad,     ......  3 '37 

Very  fine  Trinidad,   3 "62 

Fair,  good,  fine  Trinidad,  .....  3 '64 

Fine  Grenada,    .......  3 '06 

Caraccas,   ........  4 '58 

Bahia  (Brazil),   .......  3'31 

Fine  Surinam  (small),        .....  3 '06 

Mexican,   4-27 

Dominican,        .......  2  •82 

African,   2^68 

Mean  of  the  twelve  being    .       .       .       .  3  •SO 


Thus  the  lowest  determination  is  3-06,  the  highest  4'58  per 
cent.  The  nibs  show  a  lower  ash  than  the  shell.  The  nibs  of 
the  Caraccas  give  3 -95  per  cent,  of  ash,  2  •00  being  soluble  and 
1-95  insoluble  in  water.  The  nibs  of  Mexican  seeds  give  2^59 
per  cent,  of  ash,  -89  parts  being  soluble  and  1^70  insoluble  in 
■water.  The  ash  of  the  shell  is  rich  in,  but  the  nib  almost  devoid 
of,  carbonates.  Mr.  Heisch  has  also  recently  examined  the 
cocoas  of  commerce,  with  the  results  embodied  in  the  following 
tables : — 


TABLE  XXIX.— EXAMINATION  OF  ROASTED  BEANS  AFTER 
REMOVAL  OF  THE  HUSK. 


Husk. 

Nitrogen. 

Albuminoids. 

jd 

CO 

<! 

Ash  Soluble 
in  Water. 

Ash  Soluble 
in  HCl. 

.g 

m 

Moisture. 

starch,  Gum, 
Cellulose,  &c. 

Caraccas,  . 

13^8 

48^4 

1-76 

11-14 

3-95 

2-15 

1-80 

1-54 

4^32 

32^19 

Trinidad,  . 

15^5 

49^4 

1-76 

1M4 

2-80 

0-90 

190 

0-93 

3-84 

32^82 

Surinam,  . 

15^5 

54-4 

1-76 

1M4 

2-35 

0-so 

1-85 

123 

3-76 

28-35 

Guayaquil, 

11-5 

49^8 

2^06 

13  03 

2-50 

1-75 

1-75 

1-87 

4^14 

30^47 

Grenada,  . 

14-6 

45-6 

1-96 

12  40 

2-40 

0-60 

ISO 

1-35 

3^90 

35-70 

Bahia,  . 

9-6 

50^3 

117 

7^40 

2-60 

0-90 

1-70 

r26 

4^40 

35-30 

Cuba,  . 

12-0 

45  3 

r37 

8-67 

2-90 

0-95 

1-05 

M3 

3-72 

39-41 

Para,   .  . 

8^5 

54  •O 

2^00 

12-66 

3  05 

1-40 

1-65 

TOO 

3-96 

26-33 

The  above  analyses  fully  cori-oborate  Mr.  Wanklyn's  statement 
as  to  the  constancy  of  the  pefcentage  of  phosphoric  acid  in  cocoa 
ash.  Mr.  Heisch's  highest  determinate  is  1^87,  his  lowest  -93, 
giving  a  mean  of  1-28  per  cent,  phosphoric  acid  in  the  dry  bean 
after  removal  of  the  husk. 
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There  are  also  some  analyses  by  Konig  as  follows : — 

TABLE  XXX. 


I.  COCOA  BEANS  DEPRIVED  OP  THE  SHELL. 


Nitro- 

Other 

Water. 

genous 
Sub- 
stances. 

Fat. 

Starch. 

N  itro- 
geu  free 
Matters. 

oeiju- 
lose. 

Ash. 

1.  C'araccas  I.,  . 

4-04 

14-68 

46-18 

12-74 

(18-50) 

3-86 

2  II 

4-72 

14  06 

49-36 

13-99 

9-46 

4-20 

4-21 

3.  Guayaquil  I., 

3-63 

14-68 

49-64 

11-56 

12-64 

4-13 

3-72 

4.  „        IL,  . 

5.  Trinidad  L,  . 

2-61 

16-25 

46-99 

10-82 

16-12 

3-53 

3-68 

2 -81 

15-06 

48-32 

14-91 

12-06 

3-62 

3-22 

6.      „       IL,  .  . 

2-28 

15-12 

52-14 

14-38 

8-82 

3-87 

3-39 

7.  Puerto  Cabello, 

2-96 

15-03 

50-57 

12-94 

11-49 

3-07 

3-94 

8.  Socosnusco,  . 

2-95 

13-19 

48-38 

15-13 

13-20 

3-34 

3-21 

Mean,  . 

3-25 

14-76 

49-00 

13-31 

12-35 

3-68 

3-65 

It.  COCOA  HUSKS. 


Amount 
of  Shell. 

Water. 

Nitro- 
genous 
Sub- 
stances. 

Fat. 

Nitrogen 
Free 
Con- 
stituent. 

Cellu- 
lose. 

Ash. 

Sand. 

1.  Caraccas  I.,  . 

15.03 

7-41 

13-93 

4-94 

41-78 

12-91 

7-41 

12-62 

2.       „  IL,. 

20  09 

7-74 

11-68 

5-99 

35-29 

12-79 

8-32 

18-19 

3.  Guayaquil,  . 

8-93 

13-44 

8-12 

48  01 

13-87 

6-81 

0-82 

4.     .  „ 

9-11- 

12-94 

10-75 

47-08 

13-12 

6-79 

0-21 

5.  Trinidad, 

15-35 

9-04 

14-94 

6-18 

44-80 

16-36 

6-39 

2-29 

6. 

14-04 

8-30 

15-44 

4-23 

46  05 

18-00 

7-06 

0-92 

7.  Puerto  Cabello, 

14-92 

6-40 

13-75 

4-38 

47-12 

14-83 

6-06 

7-46 

8.  Socosnusco,  . 

18-58 

6-48 

19-12 

6-48 

.39-39 

15-67 

8-15 

4-71 

Mean,  . 

16-33 

7-83 

14-29 

6-38 

43-79 

14-69 

7-12 

5-90 

§  225.  Mr.  Wigner  has  examined  the  nitrogenous  constituents 
■of  cocoa,  in  the  same  -way  as  the  nitrogenous  constituents  of 
flour,  and  has  shown  that,  even  in  the  very  best  samples,  21-5 
per  cent,  of  the  nitrogenous  matter  present  is  in  a  non-coagulable 
form.  Cocoa,  therefore,  ranks  lower  in  the  scale  of  foods  than 
has  hitherto  been  taught.  His  experiments  were  made  upon  84 
commercial  samples  of  cocoa,  containing  an  admixture  of  starch 
or  flour,  and  on  four  samples  of  roasted  beans;  the  results  were 
as  follows : — 
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TABLE  XXXI.— NITROGENOUS  CONSTITUENTS  OF  COCOA. 


Togen. 

"D  . 

oids 
•33. 

ble 

oids 

■33. 

Difference  = 
Non-Coagulable 
Nitrogen 
Matter. 

Per  cent.  Total 
Non-Coagulable 

Total  Nit 

Coagulat 
Nltrogei 

<" 

.. 
II 

1. 

1-095 

•600 

9-92 

3-80 

3-12 

54-9 

2. 

1-162 

•760 

7-35 

4-81 

2-54 

65-5 

3. 

2-978 

2-335 

18  84 

14-79 

4-05 

78-5 

4.  ! 

•965 

•375 

6-11 

2-37 

3-74 

38-8 

5. 

•699 

•330 

4-42 

2-09 

2-33 

47-3 

6. 

1^201 

•770 

7-61 

4 -88 

2-73 

34-1 

Socunza, 

2  040 

1-175 

12-92 

7-44 

4-48 

57-6 

Roasted  beans, 

1  Para,  . 

2-000 

1-045 

12-67 

6-62 

6-05 

52-2 

1  Trinidad,  . 

1-490 

1-050 

9-46 

6-65 

2-81 

70-3 

,  Grenada,  . 

2-370 

1-335 

14-99 

7-56 

7-43 

50-4 

§  226.  Adulterations  of  Cocoa. — The  list  of  adulterations  usually 
given  is  as  follows : — Sugar,  starches,  Venetian  red,  brick-dust, 
and  peroxide  of  iron.  Some  of  these  sophistications,  such  as  the 
starches,  may  be  detected, by  a  preliminary  microscopical  exami- 
nation, which  in  no  instance  should  be  neglected.  The  ordinary 
chemical  examination  consists  in  the  extraction  of  the  fat  as 
before  described  (p.  361),  the  estimation  of  the  percentage  of 
ash  in  the  ordinary  way,  its  division  into  soluble  and  insoluble, 
and  its  content  of  phosphoric  acid.  By  a  simple  estimation  ot" 
the  fat  and  the  chief  constituents  of  the  ash,  supplemented  by  the 
use  of  the  microscope,  all  known  adulterations  can  be  detected. 
The  amount  of  phosphoric  acid  in  the  ash  of  soluble  cocoas  may 
be  taken  as  a  basis  of  calculation  of  the  amount  of  cocoa,  and 
in  the  absence  of  foreign  seeds,  or  other  phosphate-producing 
substance,  the  calculation  will  be  a  fair  approximation  to  the 
truth.  The  ash  itself  and  the  amount  of  phosphoric  acid  will, 
of  course,  be  very  notably  diminished  in  the  case  of  the  soluble 
cocoas,  and  the  percentage  of  the  phosphoric  acid  will  in  such 
instances  be  a  fair  guide  to  the  amount  of  foreisn  admixture. 
For  example,  supjiose  a  soluble  cocoa  to  yield  an  ash  of  1^5  per 
cent.,  •G  of  which  is  due  to  phosphoric  acid,  taking  as  a  basis  of 
calculation  •O  per  cent.  *  of  phosphoric  acid  in  cocoa  nibs : — 

*  The  lowest  percentage  given  by  Mr.  Heisch,  and  but  little  dilTereut 
from  Mr.  Wanklyn'a. 
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•6  X  100 

 =  66-6 

•9 

That  is,  the  mixture  contains  about  66'6  ])er  cent,  of  cocoa.  The 
amount  of  starch  in  cocoa  may  be  determined  in  the  ordinary- 
way,  as  described  at  p.  137,  but  the  process  is  somewhat  tedious, 
and  may  be  dispensed  with,  since  the  extract  in  cold  water  is 
always  a  guide  to  the  adulteration  by  starchy  substances.  Cocoa 
nibs  treated  in  this  way  give  to  water  about  6-76  per  cent,  of 
organic  matter  and  2*16  of  ash.  The  determination  of  theobro- 
min  may  possibly  be  of  nse,  but  no  sufficiently  accurate  and 
speedy  process  for  technical  ]nirposes  is  as  yet  known. 

§  227.  Adulterations  of  Chocolate. — Oil  of  ahnonds,  cocoa-oil, 
beef  and  mutton  fat,  starches,  cinnabar,  chalk,  and  various 
other  substances  are  usxially  enumerated ;  a  few  of  these  are, 
however,  apocryphal. 

The  analysis  of  chocolate  is  conducted  on  exactly  the  same 
principles  as  that  of  soluble  cocoa.  If  it  is  desired  to  separate 
the  different  constituents,  the  method  recommended  by  A.  Porrier 
may  be  used: — Exti-act  the  fat  with  ethei',  and  the  sugar  with 
alcohol  of  20°,  and  dissolve  the  starch  out  by  boiling  water.  The 
liquid  holding  the  starch  is  then  decolourised  by  animal  charcoal, 
and  the  starch  precipitated  by  alcohol  of  50  per  cent.,  dried,  and 
weighed.  But  as  regards  adulteration,  the  procedure  recom- 
mended in  the  case  of  cocoa  will  be  found  qiiite  efficient,  and  less 
cumbersome  and  tedious. 
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PART  VI.-ALCOHOL,  SPIRITS,  LIQUEURS. 


ALCOHOL. 


§  228.  The  term  alcohol,  in  its  strict  chemical  sense,  applies 
only  to  the  neutral  compounds  of  oxygen,  carbon,  and  hydrogen, 
which,  by  the  action  of  acids,  form  ethers.  The  principal  alcohols 
are  enumerated  in  the  following  table  : — 


TABLE  XXXn., 


EXHIBITING  THE  PROPERTIES  OP  THE 
PRINCIPAL  ALCOHOLS. 


Formula. 

Specific  Gravity, 
15-5°. 

Vapour. 
Bel.  Wt. 

Boiling  Point. 

Liquid. 

Vapour. 

H=l. 

Fahr. 

Cent. 

CH«0 

0-798 

1-12 

16 

149-9 

65-5 

CzHoO 

0-7938 

1-6133 

23 

173-0 

78-3 

CsHsO 

0-817 

2-02 

30 

206  0 

96-7 

C3H10O 

0-8032 

2-589 

37 

233-0 

111-7 

C6HJ2O 

0-8184 

3-147 

44 

269-6 

132-0 

CeHuO 
CjHieO 
CgHigO 
C12H08O 
C10H84O 

CjyHseO 

0-833 
0-819 
0-823 

3-  53 

4-  50 

51 
58 
65 

299-309 
351  0 
356-0 

138-154 
177-2 
180-0 

CaoHoiO 

Alcohols. 


1.  Wood    Spirit,  or 

Methylic  Alcohol, 

2.  Spirit  of  Wine,  or 

Ethylic  Alcohol, 

3.  Tritrylic  or  Pro- 

pylic,  . 

4.  Tetrylic  or  Butylic, 

5.  FouselOil,  orAmy-) 

lie,    .     .  .; 

6.  Hexylic  or  Caproic, 

7.  Heptylic, 

8.  Octylic  or  Caprylic, 
10.  Laiirylic, 

16.  Ethal  or  Cetylic,  . 
27.  Cerotin  or  Cerylic, 
50.  Melissin    or  Mel- 
lisylic, 


Of  these  ethylic  alcohol,  wood  spirit,  and  fousel  oil  are  the  three 
of  most  importance  to  the  analyst. 

Ethylw  Alcohol,  O^Yi^Q,  specific  gravity,  0-815  at  0°,  0-79381  at 
15-5°  ;  boiling  point,  7y°-3.  Ab.solute  alcohol  does  not  dissolve 
common  salt,  nor  does  it  give  a  blue  colour  when  digested  with 
anhydrous  sulphate  of  copper,  if  perfectly  water-free.  Filter 
paper  saturated  in  the  following  solution — viz.,  two  parts  of 

25 
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citric  and  one  of  molybdic  acids  heated  to  incipient  fusion,  and 
dissolved  in  30  to  40  pints  of  water  and  dried  at  100°,  is  not 
bleached  when  soaked  in  absolute  alcohol ;  but  should  water  be 
present,  the  blue  of  the  paper  is  entirely  discharged.  Pure  absolute 
alcohol  burns  with  a  white  flame,  but  if  water  is  jiresent  with  a 
blue. 

There  is  no  cloudy  appearance  when  mixed  with  water,  show- 
ing the  absence  of  oily  matters.  It  should  be  also  perfectly 
neutral  to  test  paper,  and  leave  no  residue  on  evaporation.  It 
must  be  remembered  that,  in  a  commercial  sense,  "  absolute 
alcohol "  is  any  stronger  spirit  than  can  be  obtained  by  ordinaxy 
distillation ;  and,  since  this  is  the  case,  it  would  be  most  unwise 
for  any  action  to  be  taken  under  the  "  Sale  of  Food  and  Drugs 
Act,"  unless  a  distinctly  fraudulent  statement  has  been  made. 
"  Absolute  alcohol,"  as  bought  over  the  counters  of  the  chemist, 
is  seldom  above  from  93  to  95  per  cent. 

§  229.  Rectified  Spirit,  as  defined  by  our  own  pharmacopoeia, 
should  be  of  specific  gravity  0-838;  by  that  of  the  Netherlands 
0-830  to  0-834;  of  Germany,  Switzerland,  and  Norway,  0-8336; 
of  Austria,  0-838;  of  France,  0-835  to  0-841.  It  should  be 
neutral,  colourless,  volatilising  without  residue,  and  free  from 
other  alcohols. 

Froof  Spirit, — a  term  in  constant  use  for  purposes  of  ex- 
cise,— is  a  diluted  spirit,  which  was  defined  by  Act  of  Parlia- 
ment (58  George  III.)  to  be  "such  as  shall,  at  the  temperature 
of  10° -0  [51°  Fahr.]  weigh  exactly  twelve-thirteenth  parts 
of  an  equal  measure  of  distilled  water."  According  to  Driuk- 
water  it  consists  of — 

Alcohol  by  weight,  .  .  .  .  49-24 
Water  by  weight,        .       .       •       .  50-76 

100-00 

and  its  specific  gravity  at  15°-5  is  0-91984. 

In  the  analysis  of  all  spirits  (seeing  that  the  terms  "proof" 
and  "  under  proof"  are  used  and  known  in  the  trade),  the  state- 
ments of  results  should  always  include  the  percentage  of  proof 
spirit. 

Spirits  weaker  than  proof  are  described  as  U.P.,  under  proof; 
stronger  than  proof  as  O.P.,  over  proof;  thus  a  spirit  of  50  U.P. 
means  50  water  and  50  proof  spii-it,  60  U.P.,  60  water  and  40 
proof  spirit.  On  the  other  hand,  50  O.P.  means  that  the  alcohol 
is  of  such  a  strength,  that,  to  every  100  of  the  spirit,  50  of 
water  would  have  to  be  added  to  reduce  it  to  proof  strength. 
In  all  the  above  the  strengths  are  only  good  for  the  normal 
temperature  of  15° -5. 
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TABLE  XXXIII.— ESTIMATION  OF  ALCOHOL. 


Specific 
gravity, 

Absolute 
Alcohol 
by  weight. 
Per  cent. 

Absolute 
Alcohol 
by  volume. 
Per  cent. 

Proof 
Spirit. 
Per  cent 

Specific 
gravity, 
15-5». 

—  - 

Absolute 
Alcohol 
uy  weigui'. 
Per  cent. 

Absolute 
Alcohol 
uy  vuluixit?. 
Per  cent. 

Proof 
Spirit. 
Per  cent. 

1.0000 

0-00 

000 

0-00 

-9549 

31-69 

38-11 

66-80 

•9999 

0  05 

0-07 

012 

•9539 

32-31 

38-82 

68  04 

•9989 

0-58 

0-73 

1-28 

-9529 

32-94 

39^54 

69-29 

•9979 

ri2 

1-42 

2-48 

•9519 

33-53 

40^20 

70-46 

•9969 

1^75 

2-20 

3-85 

•9509 

34-10 

40^84 

71-58 

•9959 

2-33 

2-93 

5^13 

•9499 

34-57 

41  ^37 

72-50 

•9949 

2-89 

3-62 

6-34 

•9489 

35-05 

41  •OO 

73-43 

•9939 

3-47 

4-34 

7-61 

•9479 

35-55 

42^45 

74-39 

•9929 

4-06 

5-08 

8-90 

•9469 

36  06 

4301 

75-37 

•9919 

4-69 

5-86 

10-26 

•9459 

36-61 

43-63 

76  ^45 

•9909 

5^31 

6-63 

11-62 

•9449 

37-17 

44-24 

77-53 

•9899 

5-94 

7-40 

12-97 

-9439 

37^72 

44-86 

78-61 

•9889 

6-64 

8-27 

14-50 

-9429 

38-28 

45^47 

79  ^68 

•9879 

7 -33 

913 

15-99 

•9419 

38-83 

46  08 

80^75 

•9869 

8-00 

9-95 

17-43 

•9409 

39-35 

46-64 

81^74 

•9859 

8-71 

10-82 

18-96 

■9399 

39-85 

47-18 

82-69 

•9849 

9^43 

11-70 

20-50 

•9389 

40 -35 

4'7^72 

83-64 

•9839 

1015 

12^58 

22  06 

•9379 

40-85 

48^26 

84-58 

•9829 

10 -92 

13-52 

23-70 

•9369 

41-35 

48^80 

85  -53 

•9819 

11 -69 

14-46 

25  -34 

•9359 

41-85 

49 '34 

86-47 

•9809 

12^46 

15-40 

26-99 

•9349 

42^33 

49-86 

87-37 

•9799 

1323 

16-33 

28-62 

•9339 

42  •SI 

50-37 

88-26 

•9789 

14-00 

17 -26 

30-26 

■9329 

43^29 

50-87 

89-15 

•9779 

14-91 

18-36 

3219 

•9319 

43  •76 

51-38 

90-03 

•9769 

15-75 

19-39 

33-96 

•9309 

44-23 

51-87 

90-89 

•9759 

1654 

20-33 

35-63 

-9299 

44-68 

52-34 

91  -73 

•9749 

17-33 

21-29 

37  -30 

-9289 

45-14 

52-82 

92-56 

•9739 

18-15 

22-27 

39-03 

-9279 

45  -59 

53-29 

93-39 

•9729 

1892 

23-19 

40-64 

•9269 

46  05 

53-77 

94  "22 

•9719 

19-75 

24-18 

42-38 

•9259 

46-50 

54-24 

95  05 

•9709 

20-58 

25-17 

44-12 

•9249 

46  -96 

54-71 

95-88 

.neon 

Ol  -QQ 

OO 

ZD  lo 

•  noon 

00  lo 

•9089 

22-15 

27-04 

47 -39 

•9229 

47  -86 

55 -65 

97-52 

•9679 

22 -92 

27  -95 

48-98 

•9219 

48-32 

56-11 

98 -.34 

•9669 

23-69 

28-86 

50-57 

•9209 

48-77 

56-58 

99-16 

•9659 

24-46 

29-76 

52-16 

•9199 

49-20 

57-02 

99  ^93 

•9649 
•9639 

25-21 
25-93 

30-  65 

31-  48 

53  71 
5518 

•9198- 

49-24 

57-06 

100  •OOPS 

•9029 

26-60 

32-27 

56  -55 

-9189 

49-68 

57-49 

100 -76 

•9619 

27-29 

33-06 

57-94 

•9179 

50-13 

57-97 

101-59 

•9609 

28  00 

33-89 

59-40 

•9169 

.50-57 

58-41 

102-.35 

•9599 

28-62 

34-61 

60-66 

•9159 

51-00 

58-85 

103-12 

•9589 

29-27 

35 -.35 

61-95 

-9149 

51-42 

59-26 

103-85 

•9579 

29-93 

36-12 

63-30 

-91.30 

51-83 

59-68 

104-58 

•9569 

.30-50 

.36-76 

04-43 

-9129 

52-27 

60-12 

105-35 

•9559 

31  06 

.37-41 

65-55 

-9119 

52-73 

60-50 

106-15 
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Specific 
gravity, 

10  0  . 

Absolute 
Alcohol 
)y  weight. 
Per  cent 

Absolute 
Alcohol 
)y  volume. 
Per  cent. 

Proof 
Spii-it 

"PflT*  narx  t 

Specific 
gravity, 
16t)°. 

Absolut© 
Alcohol 
by  weight. 
Per  cent 

Absolute 
Alcohol 
Dy  volume. 
Per  cent. 

Proof 
Spirit 
Paf  ojint 

•9109 

53-17 

61-02 

106-93 

•8649 

73-00 

79-54 

139-39 

•9099 

53-61 

61-45 

107-69 

•8639 

73-42 

79-90 

140-02 

•9089 

54-05 

61-88 

108-45 

•8629 

73-83 

80-26 

140-65 

•9079 

54-52 

62-36 

109-28 

•8619 

74-27 

80-64 

141-33 

•9069 

55-00 

62-84 

110-12 

•8609 

74-73 

81  04 

142-03 

•9059 

55-45 

63-28 

110-92 

•8599 

75-18 

81-44 

142-73 

•9049 

55-91 

63-73 

111-71 

•8589 

75-64 

81-84 

143-42 

•9039 

56-36 

64-18 

112^49 

•8579 

76-08 

82-23 

144^10 

•9029 

56-82 

64-63 

113^26 

•8569 

76-50 

82-58 

144^72 

•9019 

57-25 

65  05 

113^99 

•8559 

76-92 

82-93 

145  ^34 

•9009 

57-67 

65-45 

114^69 

•8549 

77-33 

83-28 

145-96 

•8999 

58-09 

65-85 

115-41 

•8539 

77-75 

83-64 

146-57 

•8989 

58-55 

66-29 

116-18 

•8529 

78-16 

83-98 

147-17 

•8979 

59  00 

66-74 

116-96 

•8519 

78-56 

84-31 

147-75 

•8969 

59  43 

67-15 

117-68 

•8509 

78-96 

84-64 

148-32 

•8959 

59-87 

67-57 

118-41 

•8499 

79-36 

84-97 

148-90 

•8949 

60-29 

67-97 

119-12 

•8489 

79-76 

85-29 

149-44 

•8939 

60-71 

68-36 

119-80 

•8479 

80-17 

85-63 

150-06 

•8929 

61-13 

68-76 

120-49 

-8469 

80-58 

85-97 

150-67 

•8919 

61-54 

69  15 

121-18 

•8459 

81-00 

86-32 

151-27 

•8909 

61-96 

69-54 

121-86 

•8449 

81-40 

86-64 

151-83 

•8899 

62-41 

69-96 

122-61 

•8439 

81-80 

86-96 

152-40 

•8889 

62-86 

70-40 

123-36 

•8429 

82-19 

87  -27 

152-95 

•8879 

63-30 

70-81 

124  09 

•8419 

82-58 

87-58 

153-48 

•8869 

63-74 

71-22 

124-80 

-8409 

82-96 

87-88 

154-01 

•8859 

64-17 

71-62 

125-51 

•8399 

83-35 

88-19 

154-54 

•8849 

64-61 

72  02 

126-22 

•8389 

83-73 

88-49 

155-07 

•8839 

65  04 

72-42 

126-92 

•8379 

84-12 

88-79 

155-61 

•8829 

65-46 

72-80 

127-59 

•8369 

84-52 

89-11 

156-16 

•8819 

65-88 

73-19 

128-25 

•8359 

84-92 

89-42 

156-71 

•8809 

66-30 

73-57 

128-94 

•8349 

85-31 

89-72 

157-24 

•8799 

66-74 

73-97 

129-64 

•8339 

85-69 

90-02 

157^76 

•8789 

67-17 

74-37 

130-33 

•8329 

86-08 

90-32 

158-28 

•8779 

67-58 

74-74 

130-98 

•8319 

86  46 

90  61 

158^79 

•8769 

68-00 

75-12 

131  -64 

•8309 

86-85 

90-90 

159  31 

•8759 

68-42 

75-49 

132-30 

•8299 

87-23 

91-20 

159-82 

•8749 

68-83 

75-87 

132-95 

-82S9 

87-62 

91-49 

160-33 

•8739 

69-25 

76-24 

133-60 

•8279 

88-00 

91-78 

160-84 

•8729 

69-67 

76-61 

134-25 

•8269 

88-40 

92^08 

161-37 

•8719 

70-08 

76-98 

134-90 

-8259 

88-80 

92-39 

161-91 

•8709 

70 -48 

77*32 

135-51 

-8249 

89  19 

92-68 

162-43 

•8699 

70-88 

77-67 

136-13 

•8239 

89-58 

92-97 

162-93 

•8689 

71-29 

78-04 

136-76 

•82-29 

89-96 

93-26 

163-43 

•8679 

71-71 

78-40 

137-40 

-8219 

90-32 

93-52 

163-88 

•8669 

72-13 

78-77 

138  05 

-8-209 

90^68 

93^77 

164-33 

•8659 

72-57 

79-16 

138-72 

•8199 

91-04 

94-03 

164-78 
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TABLE  XXXJII— Continued. 


Specific 
gravity, 

Absolute 
Alcohol 
by  weight 

Pat*  fATit 

Absolute 
Alcohol 
by  volume. 

"Pfii*  pfint 

Proof 
Spirit 
Per  cent. 

opecinc 
gravity, 
loo". 



Absolute 
Alcohol 
by  weight 
Per  cent. 

Absolute 
Alcohol 
by  volume. 
Per  cent 

Proof 
Spirit 
Per  cent. 

oioU 

y  1  oj 

04- '98 



-8039 

*J\J    t  0 

97  96 

171-68 

•511  7Q 

01  -7^ 
y  1  to 

yx  Jo 

Vyjtj  U  / 

-8029 

07-07 

98-18 

172-05 

09-1 1 

OJ.  '70 

-8019 

07-40 

98-39 

172-43 

09  •d.R 

166  -58 

•8009 

Of     <  0 

98-61 

172-80 

•SI  4.Q 

ijO  0*J 

167-04 

•7999 

98*06 

98-82 

173-17 

O  lO*/ 

0^*99 

«/o  oo 

•7989 

98-37 

99  00 

173-50 

0*^*^0 

JO  oo 

0^  *R4. 

167*96 

98-69 

99-18 

173-84 

•8119 

93-96 

96-11 

168-24 

•7969 

99-00 

99^37 

174-17 

•8109 

94-31 

96-34 

168-84 

•7959 

99-32 

99-57 

174-52 

•8099 

94-66 

96-57 

169-24 

•7949 

99-65 

99-77 

174-87 

•8089 

95  00 

96-80 

169-65 

•7939 

99-97 

99-98 

175-22 

•8079 

95-36 

97-05 

170  07 

•8069 

95-71 

97-29 

170-50 

Absolute  Alcohol. 

•8059 

96-07 

97-53 

170-99 

•8049 

96-40 

97-75 

171-30 

•7938 

100  00 

100-00 

175-25 

ESTIMATION  OF  ALCOHOL 

§230.  Excellent  tables  fox-  the  use  of  analysts  have  been  pub- 
lished both  by  Mr.  Hehner  and  by  Dr.  Stevenson.  The  table  on 
p.  371  "will  be  found,  in  the  absence  of  the  tables  mentioned, 
sufficient  for  ordinary  use;  any  specific  gravity  not  given  can 
be  intercalated  by  the  ordinary  rules  of  arithmetic. 

Another  method,  sometimes  called  Grbning's,  of  arriving  at  the 
strength  of  dilute  spirits,  is  based  on  the  fact  that  the  tempera- 
ture of  the  vapour  is  an  exact  measure  of  the  strength  of  the 
alcohol.  The  bulb  of  a  thermometer  is  put  (on  the  small  scale) 
into  a  flask  with  a  bilateral  tube,  and  the  temperature  of  the  vapour 
carefully  noted.    The  following  table  (XXXIV.)  may  be  used. 

The  boiling-point  is  also  a  useful  guide;  for  within  certain 
limits  the  boiling-point  of  alcoholic  liquids  is  not  materially 
altered  by  admixture  with  saline  and  organic  matter.  A  ther- 
mometer with  a  movable  scale  is  employed.  Before  using  it, 
the  thermometer  is  immersed  in  boiling  disttUed  water,  and 
the  100°  [212°  Fahr.]  of  the  scale  accurately  adjusted  to  the 
level  of  the  mercury;  it  is  then  ready  for  an  operation  of  sevei'al 
hours,  or  even  an  entire  day,  if  no  considerable  variationa  of 
atmospheric  pressure  are  experienced. 
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TABLE  XXXIY.,  showing  the  Alcoholic  Content  by  Volume 
of  Boiling  Spirits  and  of  their  Vapour,  from  the 
Temperature  of  the  latter,  as  observed  by  a  Ther- 
mometer.   By  Groning. 


of  the 
Vapour 
(F.) 

Alcoholic 
Content  of 
the  Distillate. 
Per  cent. 

Alcoholic; 
Content  of 
the  Boiling 

Liquid. 

Per  cent. 

Xemperfliture 
of  the 
Vapour 
(F.) 

Alcoholic 
Content  of 
the  Distillate. 
Per  cent. 

Alcoholic 
Content  of 
the  Boiling 
Liquid. 
Per  cent 

170  0 

93 

92 

189-8 

71 

20 

171'8 

yo 

192-0 

68 

18 

172  0 

91 

85 

194  0 

66 

15 

172-8 

904 

80 

196-4 

61 

12 

174  0 

90 

75 

198 -6 

55 

10 

174-6 

89 

70 

201  0 

50 

7 

176-0 

87 

65 

203-0 

42 

5 

178-3 

85 

50 

205-4 

36 

3 

180-8 

82 

40 

207-7 

28 

2 

183  0 

80 

35 

210-0 

13 

1 

185  0 

78 

30 

212-0 

0 

0 

187-4 

76 

25 

TABLE  XXXV.,  EXHIBITING  THE  BoiLING  PoiNTS  OF  AlCOHOL  AND 

Water  of  the  Given  Strength.s.    By  Geoning. 


Boiling-point 
(F.) 

Alcohol 
per  cent, 
per  Volume. 

Boiling-point 
(F.) 

Alcohol 
per  cent 
per  Volume. 

205-34 

5 

179-96 

55 

199-22 

10 

179-42 

60 

195-80 

15 

178-70 

65 

192-38 

20 

177-62 

70 

189-50 

25 

176-54 

75 

187-16 

30 

175-46 

so 

185-00 

35 

174-92 

85 

183-38 

40 

174-20 

90 

182-12 

45 

173-14 

95 

181  -58 

50 

172-00 

100 

§  231.  Tests  for  Alcohol. — The  principal  tests  for  alcohol  are 
the  following  : — 

(1.)  Production  of  Acetic  Ether. — To  a  distillate  or  aqueous 
solution  supposed  to  contain  alcohol,  some  acetate  of  soda  is 
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added  and  sulphuric  acid  in  amount  move  than  sufficient  to 
decompose  the  acetate.  The  flask  containing  the  mixture  is 
connected  with  a  Liebig's  condenser,  placed  vertically,  and  boiled 
for  a  few  minutes;  any  volatile  vapour  is  condensed,  and  falls 
back  again  into  the  flask.  On  removing  the  cork,  if  acetic  ether 
has  been  produced,  it  can  readily  be  detected  by  its  odour. 

(2.)  Reduction  of  Chromic  Acid  07'  Bichromate  of  Potash  to  Oxide 
of  Chromium. — A  crystal  of  chromic  acid,  placed  in  a  test-tube, 
with  a  fliiid  containing  alcohol  warmed  to  a  boiling  temperature, 
is  decomposed  into  the  green  oxide  of  chromium.  Instead  of 
chromic  acid,  a  test-solution  of  one  part  of  dichromate  of  potash 
dissolved  in  300  parts  of  sulphuric  acid  may  be  used.  A 
portion  of  the  liquid  to  be  tried  is  mixed  with  twice  its  volume 
of  concentrated  sulphuric  acid.  On  poui'ing  a  small  quantity 
of  this  mixture  into  a  quantity  of  the  test-solution,  a  deep  green 
is  produced  where  one  fluid  touches  the  other.  This  is  a  very 
good  test  in  the  absence  of  other  reducing  agents,  such  as  formic 
acid,  ether,  (fee. 

(3.)  Dr.  Edmund  Davy's  Test. — Dr.  Davy  has  proposed  a  test 
for  alcohol  founded  on  a  colour  reaction,  and  produced  also  by 
methyl,  propyl,  butyl,  and  amyl  alcohols,  ether  and  aldehyde. 
A  solution  of  one  part  of  molybdic  acid  in  ten  of  strong  sulphuric 
acid,  is  warmed  in  a  porcelain  capsule,  and  the  liquid  to  be 
tested  allowed  to  fall  gently  on  it.  If  alcohol  is  j^i'esent,  a  blue 
coloration  appears  either  immediately,  or  in  a  few  moments;  the 
liquid  gradually  absorbs  moisture  from  the  air,  and  the  colour 
disappears,  but  it  may  be  repi'oduced  by  evaporation.* 

(4.)  The  production  of  Iodoform. — According  to  Lieben,  one 
part  of  alcohol  in  2000  of  water  can  be  detected  by  adding  to 
some  of  the  warmed  liquid  a  few  drops  of  a  10  per  cent,  solu- 
tion of  soda,  and  dropping  in  a  solution  of  potassium  iodide, 
fully  saturated  with  free  iodine,  until  the  liquid  is  yellowish- 
brown;  then  the  alkali  solution  must  be  added  until  the  whole 
is  colourless,  and  the  mixture  allowed  to  stand  for  many  hours, 
when  a  yellowish  crystalline  deposit  of  iodoform  is  obtained. 
Under  the  microscope  the  latter  presents  the  appearance  of 
hexagonal  plates,  six-rayed,  or  other  varieties  of,  stellar  crystals: 
C^HgO  +  4I2  +  GNaHO  =  CHI3  +  NaCII02  +  5NaI  +  SHjO.  The 
objection  to  this  test  is,  however,  that  other  alcohols,  aldehyde, 
gum,  turpentine,  sugar,  &c.,  give  a  similar  reaction. t 

*  Proceeding!!  of  the  lloyal  Irish  Academy^]  ii.  579-582;  Journ.  Chem. 
Soc,  7,  1877,  p.  108.  ^ 

t  Rajewsky  lias  found  that  the  brain  of  a  rabbit,  which  had  been 
starved  for  two  days  before  death,  gave  a  marked  reaction  for  aleoliol  with 
the  iodoform  test,  and  the  same  result  was  obtained  from  the  muscles  and 
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(5.)  The  production  first  of  Acetic  Acid,  then  of  Kakodyl. — A 
very  delicate  test  for  alcohol,  and  one  specially  suited  for  its^ 
detection  in  the  blood,  &c.,  is  recommended  by  Bucheim. 

The  finely-divided  substances  are  put  in  a  tubulated  retort, 
and,  if  acid,  carefully  neutralised.  In  the  neck  of  the  retort  is 
placed  a  little  porcelain  or  platinum  boat,  containing  platinum 
black,  and  at  each  end  there  is  a  moistened  piece  of  strongly- 
blued  litmus-iiapei".  On  warming  the  retort,  if  alcohol  be 
present,  it  is  oxidised  by  the  platinum  black  to  aldehyde  and 
acetic  acid;  hence,  the  hinder  piece  of  litmus-paper  will  be 
reddened,  the  front  one  unchanged.  If  only  a  drop  of  acetic 
acid  be  present,  it  is  possible  to  detect  it  in  the  following  way:  — 
The  platinum  black  is  washed,  the  washing  water  neutralised 
with  potash,  and  dried  after  the  addition  of  a  few  grains  ef 
arsenious  acid.  On  warming  the  dry  residue  in  a  small  glass 
tube,  if  even  a  very  small  admixture  of  acetic  acid  be  present, 
the  smell  of  kakodyl  will  be  perceptible. 

The  Action  of  Alcohol  on  Benzoyl  Chloride. — This  test,  proposed 
by  Berthelot,  is  based  on  the  fact  that  very  small  quantities  of 
alcohol  decompose  benzoyl  chloride  with  the  formation  of  ethyl 
benzoate.  The  sample  is  shaken  vip  in  the  cold  with  a  few  drops 
of  benzoyl  chloride;  any  ethyl  benzoate  formed  sinks  to  the 
bottom  with  the  excess  of  benzoyl  chloride.  This  heavy  layer 
is  removed  by  a  pipette,  and  heated  with  a  little  caustic  soda  or 
potash,  which  dissolves  at  once  the  benzoyl  chloride,  but  not 
the  ethyl  benzoate,  and  the  latter  may  be  recognised  by  this 
insolubility,  by  its  general  properties,  and  by  its  boiling  point. 
It  is  neai'ly  insoluble  in  water,  burns  with  a  smoky  flame,  has  a 
characteristic  pleasant  odour,  and  boils  at  213°. 

Mr.  J.  Hardy  has  proposed  a  very  simple  test  for  the  detec- 
tion of  alcohol,  which  may  be  performed  as  follows : — Two  common 
'•  Nesslerising  "  glass  cylinders  are  taken,  and  a  little  guaiacum 
i-esin,  which  has  been  removed  from  the  interior  of  a  fx-eshly 
broken  lump,  is  shaken  up  with  the  sample  to  be  tested.  The 
liquid  is  filtered,  and  a  few  drops  of  hydrocyanic  acid  and  a  drop 
of  very  weak  solution  of  sulphate  of  copper  added.  Exactly  the 
same  process  is  adopted  with  an  equal  bulk  of  distilled  water. 
On  now  placing  the  two  liquids  in  the  glass  cylinders  side  by 
side,  over  a  porcelain  plate,  the  liquid  to  be  tested,  if  it  con- 
tains alcohol,  will  be  found  of  a  blue  colour  decidedly  darker 
than  that  of  the  distilled  water. 

§  232.  Separation  of  Alcohol  from  Animal  Matters. — In  order  tO' 

tissues  of  rabbits.  Ho  therefoi-e  considci'S  that  alcohol  always  exists  in  th& 
animal  organism,  or  that  it  is  produced  during  distillation. — PJliiger's 
Archiv.fiir  Phyhioloyie,  xi.  122,  127. 
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obtain  alcohol  from  organic  niattei's  {e.g.,  tlie  contents  of  the 
stomach,  or  the  tissues),  the  following  process  -will  be  found  con- 
venient : — Solid  matters,  such  as  the  tissues,  are  cut  up  as  finely 
as  possible,  and  placed  with  water  in  a  retort  attached  to  a  suit- 
able condenser.  Most  liquids  require  no  previous  preparation, 
and  are  merely  poured  into  the  retort  or  flask,  as  before  de- 
scribed ;  but  it  is  desirable  in  the  treatment  of  urine  to  add  a 
little  tannic  acid.  About  one-third  to  one-half  of  the  liquid  is 
distilled  over  into  a  flask  closed  by  a  merci^ry  valve.  The  pro- 
duct is  now  made  alkaline  with  caustic  potash  (which  will  fix  any 
volatile  acid,  and  expel  any  volatile  alkali),  and  again  distilled, 
about  one-third  being  drawn  over.  The  liquid  is  next  neutra- 
lised with  sulphuric  acid,  to  fix  volatile  alkalies,  and  redistilled. 
This  final  distillate  contains  all  the  alcohol,  but  neither  volatile 
acids  nor  alkalies.  The  liquid  thus  obtained  may  even  now  be 
too  dilute  to  respond  conveniently  to  tests,  and  it  may  therefore 
be  digested  for  some  hours  with  a  little  caustic  lime,  and  then 
very  slowly  distilled.  The  distillate  should  finally  be  carefully 
measured  or  weighed,  and  divided  into  two  parts,  one  of  which 
serves  for  the  application  of  the  usual  tests,  the  other  (if  alcohol 
be  found)  can  be  oxidised  in  the  manner  described  at  p.  380,  and 
estimated  as  acetic  acid  voluraetrically. 

J.  Bechamp  {Com2)t.  Rend.,  89,  573,  574)  has  recently  suc- 
ceeded in  obtaining  a  sufiicient  quantity  of  alcohol  from  the  fresh 
brain  of  an  ox  to  estimate  by  specific  gravity,  and  has  also 
separated  it  from  putrefying  animal  matter.  In  fact,  it  is  cap- 
able of  proof,  that  all  putrefaction  is  accompanied  by  the  pro- 
duction of  minute  quantities  of  alcohol,  and  that  the  living  cella 
of  the  body  also  produce  it.  Hence,  in  questions  of  poisoning, 
it  is  not  enough  to  obtain  qualitative  reactions  for  alcohol,  but 
the  quantity  also  must  be  accurately  estimated. 
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ESTIMATION  OP  ALCOHOL  IN  SPIRITS  AND  ALCOHOLIC 

LIQUIDS. 

§  233.  In  the  examination  of  alcoliolic  liquors,  one  of  the 
analyst's  first  steps  is  to  determine  the  percentage  of  alcohol, 
and  the  methods  by  which  this  is  done  are  equally  applicable 
(with  slight  modifications)  to  all  liquids  containing  alcohol.  The 
.percentage  is  ascertained — 

(1.)  By  distillation,  and  talking  the  specific  gi-avity  of  the 
distillate. 

(2.)  By  Tabarie's  method,  applied  esijecially  to  wines  and 
beers. 

(3.)  By  Geissler's  vaporimeter. 

(4.)  By  oxidation  into  acetic  acid,  and  by  several  other  methods, 
which  are,  however,  not  much  in  use  by  the  analyst. 

(1.)  Distillation. — A  convenient  quantity  {e.g.,  100.  cc.  of  beer 
or  wine,  50  cc.  of  spirits,  measured  at  15°-5)  is  placed  in  a  flask 
(a,  fig.  41),  having  a  side  tube  connected  by  means  of  a  cork  to  a 


Fig.  41, 

Liebig's  condenser.  The  distillate  is  received  in  a  flask  (5)  pro- 
vided with  a  doubly  perforated  cork,  into  which  the  bent  tube  of 
the  condenser,  as  well  as  a  tube  provided  with  a  mercury  valve, 
to  prevent  loss,  is  adjusted  ;  the  latter  may  be  readily  made  by 
putting  a  very  small  quantity  of  mercury  into  the  bend  of  an 
ordinary  thistle-head  funnel  (c).  This  precaution  is  only  neces- 
sary when  very  small  quantities  arc  operated  upon.  Experiments 
with  50  cc.  of  spirit  distilled  into  a  flask  unprovided  with  a  valve, 
have  shown  that  there  is  no  appreciable  loss ;  but  distillation 
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into  an  open  vessel  will  always  give  i-esults  fai-  too  low.  Beer 
and  wine  yield  the  whole  of  their  alcohol  when  half  is  drawn 
over ;  spirits  should  be  distilled  nearly  to  dryness.  In  any  case, 
the  distillate  should  be  made  ujj  to  exactly  the  same  bulk  as 
the  original  liquid  at  the  same  temperature,  its  specific  gravity 
taken  in  a  premier  specific  gravity  bottle,  and  the  percentage  of 
alcohol  obtained  by  reference  to  the  tables  given  at  p.  371. 
Spii-its  are  best  returned  as  containing  so  much  proof  spirit,  by 
weight  and  by  volume ;  wines  and  beers,  so  much  alcohol  per 
cent.,  by  weight  and  by  volume. 

(2.)  Tabaries  method,  when  properly  performed,  is  sufficiently 
accurate  for  all  practical  purposes  in  the  case  of  beei's,  wines,  and 
similar  liquids.  The  specific  gravity  is  first  accurately  taken  at 
15°"5  ;  a  measured  quantity — say  100  cc. — is  then  boiled  long 
enough  to  evaj^orate  away  the  whole  of  the  alcohol,  made  up  to 
the  original  bulk  at  the  same  temperature,  and  its  specific  gravity 
again  determined.  From  these  data  the  specific  gravity  of  the 
liquid,  which,  if  it  had  been  condensed,  would  have  collected  in 
the  flask  before-mentioned,  is  determined.    Thus,  specific  gravity 

of  the  liquid  before  boiling,  divided  by  the  specific  gravity  of  the 
de-alcoholised  liquid  =  specific  gravity  of 

the  diluted  alcohol  which  has  been  boiled 

away.    An  actual  example  will  suffice  : — 

A  beer, before  boiling,  had  a  specific  gravity 

of  1 '014  ;  after  boiling,  and  on  making  it  up 

to  the  original  bulk,  its  specific  gravity  was 
1-0172  ;  now  J^VrV  =  '9968,  and  on  refer- 
ence to  the  table  at"p.  371,  -9968  is  found  to 

correspond  to  1-7  per  cent,  of  alcohol. 
(3.)  Geissler's  Vaporimeter  is  cajiable  of 

giving  sufficiently  accurate  results  for  tech- 
nical purposes,  and  as  it  has  the  advantage 

of  great  expedition,  it  may  always  be  iised 

to  supplement  and  check  other  methods 

which  take  more  time.     It  depends  on 

the  measurement  of  the  tension  or  elastic 

force  of  the  vapour  of  the  liquid,  as  indi- 
cated by  the  height  to  which  it  raises  a 

column  of  mercury.    The  apparatus  (see 

fig.  42)  consists  of  four  parts — viz.,  (1.)  A 

brass  vessel  A,  containing  water ;  (2.)  a 

doubly  bent  tube,  BB,  fastened  to  a  scale  ; 

(3.)  a  cylindrical  vessel  C,  which  is  filled  Yic.  42. 

with  mercury  and  the  fluid  to  be  tested  ; 

{L)  a  brass  vessel  D,  in  the  uppi)er  part  of  which  there  i 
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thermometer.  By  removing  the  bent  tube  and  its  connections 
from  A,  it  may  be  turned  upside  down,  and  C  detached  ;  the 
alcoholic  fluid  is  then  poured  in  so  as  to  fill  the  space  between  c  and 
d,  which,  when  the  instrument  is  inverted,  is  empty.  It  is  now 
connected  with  the  bent  tube,  and  adjusted  exactly  as  in  the  figure, 
the  water  made  to  boil  in  A,  when  the  mercuiy  runs  up  to  a 
certain  height  in  the  tube,  and  the  percentage  is  directly  read 
from  the  scale.  Shovild  the  thermometer  not  register  100°,. 
certain  corrections  mvist  be  made,  which  is  most  conveniently 
done  by  a  table,  sold  with  the  instrument.  Care  in  this  manipu- 
lation must  always  be  taken  to  exclude  air  from  the  bulb.  The- 
author  has  found  it  always  necessary  to  test  various  points  of  the 
scale  with  known  mixtures  of  alcohol  and  water,  and  to  draw  up 
a  table  of  corrections.  With  this  precaution,  it  will  be  found  a 
most  useful  instrument. 

(4.)  Ooddation  into  Acetic  Acid  is  an  extremely  accurate  method 
of  determining  vinic  alcohol,  and  is  specially  applicable  to  small 
quantities.  Dr.  Dupre  recommends  the  following  process*  : — 
A  small  quantity  of  the  distillate,  representing  about  a  gramme- 
of  alcohol,  is  put  in  a  small  strong  assay-flask,  and  mixed  -with 
10  cc.  of  an  oxidising  solution,  composed  of  147  grms.  of  bichro- 
mate of  potash  and  220  grms.  of  sulphuric  acid,  made  up  to- 
1,400  cc.  by  water.  The  flask  is  well  stoppered  by  caoutchouc, 
and  flrmly  tied  down  by  canvas  and  string.  It  is  then  suspended 
upright  in  a  water-bath  (the  neck  being  above  the  water),  and 
heated  for  two  hours  between  80°  and  90°.  The  flask  is  next 
removed,  and  the  excess  of  bichromate  reduced  by  zinc  and  sul- 
phuric acid ;  the  solution  is  transferred  to  a  small  retort  (adding 
some  sulphuric  acid  and  bits  of  tobacco-pipe),  and  distilled  over 
from  a  spermaceti-bath  (see  fig.  41).  It  will  be  found  necessary 
to  distil  at  least  thrice  nearly  to  dryness,  each  time  adding  water 
to  the  contents.  The  united  distillates  contain  acetic  acid,  the 
result  of  the  oxidation  of  the  alcohol.  This  acetic  acid  may  be 
determined  by  a  volumetric  solution  of  soda,  and  the  amount  of 
alcohol  to  which  it  is  equivalent  calculated  by  the  following 
short  table  : — 

Acetic  Acid.  Alcohol. 

1  .       .       .       .  =  .       .       .  .  -7666 

2  ....  =  ...  .  1-5332 

3  ....  =  ...  .  2-2998 

*  It  has  been  shown  by  Wanklyn  that  alcohol  may  also  be  oxidised  into- 
acetic  acid  very  readily  by  an  alkaline  solution  of  permanganate  of  potash  ; 
it  would  appear  that  in  this  case  there  is  no  previous  formation  of  aldehyde. 
A.  Letteltur  also  finds  that  an  ammoniacal  solution  of  copper-oxide  at  180* 
has  the  same  effect.    Compt.  Bend.,  89,  1105. 
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Acetic  Acid.  Alcohol. 

4  .       .       .  .  =  .       .       .  .  3  0664 

5  ....  =  ...  .  3-8330 

6  ....•=...  .  4-5996 

7  ....  =  ...  .  5-3662 

8  ,...  =  ...  .  6-1328 

9  ....  =  ...  .  6-8994 
10  ....  =  ...  .  7-6666 

There  are  several  other  methods  of  estimating  alcohol,  but  the 
^bove  are  the  most  practical  and  efficient ;  and  whenever  the 
amount  of  alcohol  is  important  (as,  for  example,  in  the  case  of 
spirits)  the  analyst  should  determine  it  in  at  least  two  different 
ways.  The  specific-gravity  methods  presuppose  the  presence  of 
ethylic  alcohol  only  ;  but  it  is  sometimes  necessary  to  test  fluids 
also  for  methylic  and  amylic  alcohols.  For  these  the  following 
processes  are  available  : — 

§  234.  Methylic  Alcohol. — 100  cc.  of  the  suspected  spirit  are 
distilled  twice,  having  been  rendered  alkaline  during  the  first 
process  and  acid  during  the  second,  about  two-thirds  being  dis- 
tilled over  each  time.  The  distillate  is  now  shaken  up  with  dry 
potassium  carbonate,  and,  after  standing  over  night,  the  upper 
layer  is  taken  off  by  a  syphon  or  pipette,  and  again  twice  distilled, 
about  15  cc.  being  driven  over.  This  will  contain  any  methylic 
alcohol  present  in  the  original  100  cc.  A  portion  of  the  distillate  is 
now  diluted  with  water  to  a  strength  from  10  to  15  per  cent., 
and  in  this  diluted  spirit  the  alcohol  determined — (1.)  By  specific 
gravity  ;  (2.)  by  Geissler's  vaporimeter ;  and,  (3.)  by  oxidation 
into  acetic  acid.  If  ethylic  alcohol  alone  is  present,  all  three 
methods  fairly  agree.  The  specific  gravity  will  give  the  total 
amount  of  both  alcohols,  the  specific  gravity  of  aqueous  methylic 
and  ethylic  alcohols  being  almost  identical  3  but  since  methylic 
alcohol  has  a  higher  vapour  tension  than  ethylic,  Geissler's 
vaporimeter  will  give  a  higher  result.  The  oxidation  process 
will,  on  the  other  hand,  give  a  lower  result,  for  methylic  alcohol 
yields  water  and  COg,  so  that  the  acetic  acid  found  is  derived 
wholly  from  the  ethylic  alcohol,  and  the  difference  between  the 
strength  thus  found  and  that  derived  from  the  specific  gravity 
gives  a  rough  indication  of  the  proportion  of  methylic  alcohol 
present.  If  the  methylic  alcohol  is  in  sufficient  quantity,  instead 
of  the  xisual  slight  vacuum  on  opening  the  flask,  there  is  an 
•escape  of  carbonic  anhydride,  and  there  is  no  reason  why  this  gas 
:should  not  be  either  absorbed  or  collected  and  estimated. 

Dr.  Dupr(5  gives  the  following  example.  A  pure  whisky 
showed — 

Strength  by  specific  gravity,     .       .       .       9-83  per  cent. 
,,  Vaporimeter,        .       .       .       9-75  ,, 

,,  Oxidation,     ....       9*75  ,, 
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The  same  whisky,  adulterated  with  .10  per  cent,  of  ordinary 
methylated  spirit,  and  tested,  gave — 

Strength  by  specific  gravity,       .       .       10"08  per  cent. 
,.        Vaporimeter,    .       .       .       10  "45  ,, 
,,        Oxidation,       .       .       .        9  "50*  ,, 

The  remainder  of  the  distillate  may  be  used  in  producing  methyl- 
aniline  violet  or  oxalate  of  methyl. 

The  general  process  for  the  production  of  methyl-aniline  violet 
is  as  follows : — 10  cc.  of  alcohol,  with  15  grms.  of  iodine  and  2  grms. 
of  red  phosphorus,  are  put  into  a  small  flask,  and  distilled  into 
30  or  40  cc.  of  water.  The  alcoholic  iodide  which  settles  to  the 
bottom  is  sepai'ated  by  a  pipette,  and  collected  in  a  flask  contain- 
ing 5  cc.  of  aniline.  If  the  action  be  too  violent,  the  flask  can 
be  cooled  with  cold  water ;  if  too  slow,  a  little  heating  may  be 
necessary.  At  the  end  of  an  hour  the  crystals  are  dissolved  in 
hot  water  and  boiled,  an  alkaline  solution  is  afterwards  added^ 
and  the  bases  rise  to  the  top  in  the  form  of  an  oily  stratum,, 
which  may  be  separated  by  bringing  the  oil,  by  the  addition  of 
water,  on  a  level  with  the  neck  of  the  flask.  The  oxidation  of 
the  bases  may  be  efiected  in  various  ways,  but  best  by  pouring  a 
cubic  centimetre  of  the  oily  liquid  on  10  grms.  of  a  mixture  foi-med 
of  100  grms.  of  quartz  sand,  2  of  chloride  of  sodium,  and  3  of 
nitrate  of  copper.  After  incorpoi-ation  it  is  introduced  into  a 
glass  tube,  and  kept  at  90°  in  a  water-bath  for  eight  or  ten  houi-sj 
it  is  ultimately  exhausted  by  warm  alcohol,  thrown  on  a  filter, 
and  made  up  to  100°.  If  the  alcohol  was  pure  the  tint  is  red  ; 
if  it  contained  1  per  cent,  of  methyl  alcohol  the  coloui-,  by  the 
side  of  the  preceding,  is  manifestly  violet ;  with  2 '5  per  cent, 
the  shade  is  a  very  distinct  violet ;  and  with  5  per  cent,  it 
is  considerably  darker.  The  process  may  be  made  quantitative 
by  having  volumetric  solutions  of  methyl  and  ordinary  alcohol. 
Very  minute  quantities  of  methyl  alcohol  may  be  detected  by 
adding  5  cc.  of  the  liquid  to  95  cc.  of  water,  and  then  again 
diluting  5  cc.  of  this  liquid  with  400  cc.  of  water,  and  heating  it 
in  a  porcelain  capsule.  Fragments  of  white  merino  (fi-ee  from 
sulphur),  immersed  in  the  liquid  for  half  an  hour,  will  remain 
white,  if  the  alcohol  was  pure;  if  methyl  was  present,  they  will 
be  of  a  violet  tint.f 

Oxalate  of  Methyl  may  be  obtained  by  mixing  the  distillate 
with  half  its  bulk  of  sulphuric  acid  and  double  the  quantity  of 
hydropotassic  oxalate.    The  whole  should  stand  in  the  retort  for 

*  Note  on  the  ExaminatioD  of  Whisky  and  other  Spirits  for  Methylated. 
Spirit  and  Fousel  Oil,  by  Dr.  Dupre.    Analyst,  i.,  1876,  p.  4. 
+  A.  Riclie  and  Brady,  Comptes  Rendus,  vol.  xxx.,  p.  109G. 
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twenty-four  hours,  and  then  be  distilled.  Crystals  appear  after  a. 
time  in  the  cooler  parts  of  the  flask  or  retort ;  their  composition 
is  (0113)20204.  It  woxild  also  be  quite  possible  to  produce  such 
compounds  as  the  salicylate  of  methyl,  &c. 

Formic  Acid. — It  has  been  already  stated  that  methyl  alcohol, 
•when  fully  oxidised,  is  resolved  into  COg  and  water.  This  takes 
place  in  two  stages ;  first,  formic  acid  is  produced,  and  then  thia- 
ibrmic  acid  breaks  up.    Thus : — 

(1.)  Methyl  Alcohol,  Formic  Acid, 

CH4O  +  OJ  =  CH2O2  +  H2O 

(2.)  Formic  Acid, 

2CH20a  +  O2  =  2C0j  +  2H2O 

It  hence  follows  that  if  a  spii-it  be  distilled  in  the  manner 
recommended  by  Dr.  Dupre,  and  only  partially  oxidised,  it  is 
possible  to  get  formic  acid,  which  has  some  very  characteristic 
properties.  To  obtain  this  result  a  small  portion  of  the  dis- 
tillate, 2  to  4  cc,  is  taken,  and  3  grms.  of  potassic  dichromate 
are  added,  with  an  equal  quantity  of  pure  sulphuric  acid,  and  four 
or  five  times  as  much  water.  This  is  allowed  to  act  for  twenty 
minutes,  and  then  distilled  ;  the  liquid  is  alkalised  with  sodium 
carbonate,  evaporated  to  half  its  bulk,  acidulated  with  acetic 
acid,  transferred  to  a  test-tube,  and  then  heated  gently  with  a 
5  per  cent,  solution  of  nitrate  of  silver.  If  formic  acid  has  been 
produced,  there  is  a  distinct  precipitate  of  metallic  silver. 

§  235.  Fousel  Oil  is  the  name  given  by  most  chemists  to  amylic 
alcohol ;  it  may,  however,  be  conveniently  applied  to  the  mixture 
of  the  higher  homologues  of  ethylic  alcohol.  Dr.  Dupre*  detects- 
fousel  oil  by  oxidising  one  or  two  grms.  of  alcohol,  previously 
distilled  (if  necessary)  in  the  manner  already  described.  When 
cool  the  flask  is  opened,  the  excess  of  dichromate  reduced  by 
zinc,  and  the  acids  produced  distilled  olf.  The  acid  distillate 
is  neutralised  with  a  standard  solution  of  normal  soda,  the 
solution  evaporated  to  a  small  bulk,  and  transfei'red  to  a  retort. 
An  amount  of  normal  sulphuric  acid,  equal  to  one-twentieth  of 
the  normal  alkali  used,  is  now  added,  and  the  contents  of  the 
retort  are  distilled  to  dryness  in  an  oil-bath,  the  temperature  being, 
allowed  to  rise  to  about  130°.  Water  is  then  added,  with  a 
further  quantity,  one-twentieth,  of  normal  acid,  and  the  contents 
re-distilled  to  dryness.  Some  water  is  now  poured  on  the 
dry  residue  in  the  retort,  and  it  is  again  distilled,  the  latter 
operation  being  repeated  three  times.  The  distillates  from  these 
various  operations  are  united,  neutralised  by  cai'bonate  of  barium, 
the  solution  boiled,  filtered,  and  evaporated  to  dryness,  the 


*  Op.  ci(. 
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residue  dried  at  130°,  and  weighed.  The  barium  salt  is  con- 
verted into  sulphate  in  the  usual  manner,  and  the  percentage  of 
ibarium  determined.  The  data  are  now  at  hand  to  determine  the 
presence  of  fouseloil  in  the  sample,  and  the  approximate  quantity. 
The  barium  salt  of  the  acid  produced  by  the  oxidation  of  fousel 
oil  (Barium  valerianate,  Ba( 0511902)9,)  contains  40-41  per  cent, 
of  barium.  The  barium  salt  of  the  acid  derived  from  the  oxida- 
tion of  pure  alcohol  (Barium  acetate,  Ba(C2Hg02)2,)  contains 
53-72  per  cent,  of  bai-ium.  If  the  alcohol  is  free  from  fousel  oil, 
the  barium  found  will  closely  approximate  the  percentage  men- 
tioned ;  but  if  the  liigher  alcohols  are  present,  the  percentage  will 
be  lower,  and  a  fair  approximation  to  the  amount  of  fousel  oil 
will  be  arrived  at  by  estimating  the  salt  as  a  mixture  of  baric 
acetate  and  valerianate,  and  calculating  out  the  percentages  on 
the  usual  principles. 


BEANDY. 

§  236.  Brandy,  in  its  present  form  (Cognac),  is  a  spirit  derived 
from  the  distillation  of  wine ;  inferior  varieties  are  made  from 
the  refuse  of  grapes,  with  admixture  of  other  materials.*  The 
constituents  of  brandy  are — alcohol,  water,  acetic,  cenanthic 
{ethyl  pelargonate),  butyric,  and  valerianic  ethers,  small  quan- 
tities of  grape  sugar,  minute  quantities  of  a  volatile  oil,  colouring- 
matter,  a  trace  of  tannin,  acetic  acid,  and  a  little  fixed  acid. 
The  specific  gravity  of  genuine  brandies  varies  from  '929  to  -934; 
the  solids  from  1  to  1-5;  ash,  -04  to  •2;  acidity,  -01  to  -05 
(reckoned  as  tartaric  acid) ;  and  the  sugar  from  0  to  -4  per  cent. 

The  adulterants  to  be  looked  for  are — methyl  and  amylic 
alcohols,  tannin  in  excess,  sulphuric  acid,  lead,  copper,  zinc,  and 
hot  principles,  such  as  cayenne.  The  estimation  of  alcohol  and 
the  examination  of  the  distillate  are  elsewhere  described  (see  p. 
378  et  seq.)  Any  acetic  acid  will  be  found  in  the  distillate,  and 
oan  be  estimated  by  volumeti'ic  solution  of  soda.    Fixed  free  acids 

-*  The  hrandy  made  in  England  is  for  the  most  part  artificial.  A  very 
usual  process  is  to  add  to  every  100  parts  of  proof  spirit  from  half-a-pound 
to  a  2)ouud  of  argol,  some  bruised  French  plums,  and  a  quart  of  good 
Comae ;  the  mixture  is  then  distilled,  and  a  little  acetic  ether,  tannin, 
and  burnt  sugar  added  afterwards. 

Artificial  Cognac  is  sometimes  made  by  oxidising  palm-oil  by  potassic 
dichromate  and  sulphuric  acid,  and  then  distilling  li^  with  70  per  cent,  of 
alcohol  and  concentrated  suljihuric  acid.  Oinanthic  ether  is  among  the 
products. 
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will  remain  in  the  residue,  and  (if  no  free  mineral  acid  is  detected) 
may  be  estimated  volumetrically,  and  returned  as  tartaric  acid 
(1  CO.  of  d.n.  soda  =-0075  tartaric  acid). 

If  the  residue  taste  hot  and  pungent,  some  sophistication,  such 
as  capsicum,  mi;st  be  present;  an  attempt  should  be  made  to 
separate  such  hot  substances  in  a  comparative  state  of  purity  by 
benzole,  ether,  &c. 

If  the  brandy  is  coloured  by  caramel  alone,  on  the  addition  of 
a  persalt  of  iron  there  "will  be  no  deepening  of  tint ;  if,  on  the 
contrary,  the  colouring  be  derived  from  the  cask,  and  the  brandy 
contain  tannin,  it  will  deepen  very  decidedly  in  colour. 

Since  it  appears  that  in  some  of  the  recipes  of  the  trade  tinc- 
ture of  oak  bark  is  used,*  should  the  jirecipitate  by  a  persalt  of 
iron  be  very  evident,  the  amount  of  tannin  must  be  estimated. 
The  direct  addition  of  hydi^ic  sulphide  to  acidified  spirits  pro- 
duces a  colour  sufficiently  dark  to  be  noticed  should  lead  or 
copper  be  present,  especially  if  an  equal  bulk  of  the  nnsulphuretted 
spirit  be  compared  side  by  side.  If  zinc  be  sought,  it  will  be 
best  to  add  carbonate  of  soda,  evaporate  to  dryness,  and  proceed 
as  in  the  article  on  "  Zinc  "  in  the  second  part  of  this  work,  to 
which  portion  also  the  reader  is  referred  for  sjiecial  processes  for 
the  detection  of  lead  and  copper. 


KUM. 

§  237.  The  best  rum  is  distilled  from  fermented  molasses, 
inferior  kinds  from  the  debris  of  the  sugai'-cane.  In  France  a 
considerable  amount  of  spirit  is  also  derived  from  the  molasses 
of  the  beetroot-sugar  factories.  The  specific  gravity  of  rum 
varies  from  "874  to  •926  ;  it  is  usually  a  strong  spirit,  genuine 
rum  never  falling  below  50  per  cent,  of  alcohol,  and  often  reach- 
ing as  high  as  70  per  cent.  It  is  always  slightly  acid  (about  -5 
Y>er  cent.)  The  solid  residue  varies  from  "7  to  1"5  per  cent.  It 
may  contain  sugar;  the  proportion  of  ash  is  very  small,  seldom 
more  than  -1  per  cent.  Tlie  analysis  is  carried  out  strictly  on 
the  principles  before  described. 

^  Mr.  Griffin  found  a  larj^e  (juautity  of  tannin  in  a  sample  of  brandy.  Ho 
explains  the  oircumstancc  by  the  following  receipt  for  the  manufacture  of 
Cognac  : — Take  of  acetic  ether  three  ([uartcrs  of  a  pound,  French  wine  eight 
quarts,  oak-bark  tincture  (made  with  a  quarter  pound  of  oak  bark  and  half 
a  quart  of  spirit)  half  a  quart,  purified  spirits  so  much  as  to  bring  the  whole 
to  1.50  quarts  of.54  ])er  cent,  by  Tralles. — "Chemical  Testing  of  Wines  and 
Spirits."    By  John  J.  Griffin,  F.C.S.,  London,  1872. 
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WHISKY, 

§  238.  Whisky  is  one  of  the  com  spirits,  and  is  usually  manu- 
factured from  malted  grain.  The  Scotch  distillers,  for  the  most 
part,  make  it  entirely  from  a  malt  mash,  the  Irish  use  malt  and 
raw  grain  ;  but  in  both  countries  there  are  considerable  differ- 
ences in  its  manufacture.  The  new  whisky,  impregnated  with 
fousel  oil,  is  called  "  pot-still  whisky."  This  liquor  is  ofte^ 
blended  with  so-called  improvers — "  Hambro "  sherry,  prime- 
wine,  &c.  The  specific  gi'avities  of  whiskies  is  usually  from  -915 
to  -920  ;  alcoholic  strength  from  50  to  60  per  cent. ;  total  extract 
under  1  per  cent.;  it  has  a  minute  quantity  of  volatile  acid  (sel- 
dom, perhaps  never,  so  high  as  ■!  per  cent.),  reckoned  as  acetic,, 
and  a  trace  of  ash.    If  sugar  is  found  it  must  have  been  added. 

The  chief  adulterant  popvilai-ly  supposed  to  be  mixed  witb 
whisky  is  potato  spirit,  or  fousel  oil ;  but  besides  this,  methyl 
alcohol,  creosote,  fixed  acids,  and,  generally  speaking,  the  sophis- 
tications used  for  the  other  spirits,  have  eitlier  been  proved,  or 
their  presence  suspected,  as  fraudulent  additions.  With  regard 
to  fousel  oil,  small  quantities  in  ordinary  whisky  are  incidental 
to  its  manufacture,  and  not  an  adulteration.  The  only  estima- 
tions of  the  exact  quantity  of  fousel  oil  in  whisky  that  we  have, 
are  probably  those  contained  in  Dr.  Dupre's  paper  before  quoted.* 
Dr.  Dupre  found  in  a  sample  of  Scotch  whisky — 

For  100  of  Ethylic  Alcohol,    .       .  0-19  per  cent.  Amylic. 

Cape  Smoke,   0.24     ,,  ,, 

Common  Samshoe,  ....  O'lS     ,,  ,, 

Fine  „       .       .       .       .  0-13  „ 

Since  these  appear  to  be  the  only  determinations  worthy  of 
any  credit,  it  is  difficult  to  say  what  quantity  of  amylic  alcohol 
denotes  adulteration,  and  the  question  becomes  a  medical  one — 
viz.,  whether  fousel  oil  is  injurious  or  not;  if  it  is,  how  much  is 
injui'ious'? 

§  239.  That  fousel  oil  is  injurious  (we  may  say,  indeed, 
poisonous)  is  evident  enough  from  experiments  on  animals  and 
men — e.g.,  Eulenberg  f  allowed  30  grms.  of  amjd  alcohol  to  evapo- 
rate in  hot  sand  in  a  zinc  box  in  which  a  kitten  was  confined. 
After  half  the  quantity  had  been  put  in,  the  symptoms  imme- 
diately commenced,  and  in  an  hour  the  animal  lay  partly 
insensible,  breathing  with  difficulty,  and  shivering.  There  was, 
however,  no  full  narcosis,  and  it  recovered  in  four  days.  In 
another  experiment,  in  which  40  drops  of  aniyl  alcohol  had  been 

*  Analyst,  i.,  1870,  p.  6. 

t  Gewerbe  J/i/gUne,  1816,  p.  440. 
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administei'ecl  to  a  kitten,  after  seventeen  minutes  there  were 
palpitation  of  the  heart,  irregular  breathing,  and  relaxation  of 
the  limbs,  and  in  twenty-two  minutes  there  was  full  antesthesia. 
The  animal  recovered  after  a  short  time,  the  heart's  action 
remaining  more  frequent  than  usual  until  the  next  day.  Cross  * 
observed  similar  symptoms  in  pigeons  and  kittens  ;  in  the  latter 
the  respiration  was  stertorous.  Rabtiteau  f  states  that  1  of  amyl 
alcohol  in  500  of  water  causes  antesthesia  in  frogs  in  twenty 
minutes  ;  the  heart's  action  becomes  slower,  and  the  skin  dark, 
and  in  about  two  hours  death  occurs,  the  cardiac  pulsations 
gradually  ceasing.  Dr.  Furst  of  Berlin  killed  a  rabbit  with 
about  7'6  grms.  (2  drachms),  injected  into  the  stomach  ;  another, 
however,  recovered  from  the  same  dose. 

Action  on  Alan. — Men  engaged  in  the  manufactui'e  of  potato- 
spirit  suffer  from  headache  and  general  nervous  indisposition, 
unless  the  vapours  are  conducted  away  from  them.  An  experi- 
ment by  Cross  on  himself  showed  that  the  vapour  caused  intense 
aching  and  heaviness  of  the  head,  and  other  unpleasant  symp- 
toms. It  has  also  been  shown  that  20  cgms.  (3  0  grains)  of  amyl 
alcohol  taken  intei'nally  produce  slight  symptoms,  the  action 
being  first  stimulating,  then  depressing. 

From  the  foregoing  we  are  now  in  some  degree  able  to  judge 
what  amount  of  amylic  alcohol  would  probably  have  immediate 
injurious  effects  ;  as  to  the  chronic  effects  of  small  doses  nothing 
definite  is  known.  Turning  to  Dr.  Dupre's  first  sample  (a 
Scotch  whisky  containing  'lO  of  amylic  to  every  100  of  ethylic 
alcohol,  the  whisky  itself  containing  54-5  per  cent,  of  alcohol),  it 
would  appear  that  such  a  whisky  has  about  "49  of  amylic  alcohol, 
to  the  ounce.  A  person  taking  2  ounces  of  such  a  liq;iid  would 
thus  swallow  nearly  a  grain  of  amylic  alcohol,  and  if  it  contained 
three  times  the  quantity,  the  active  pi-operties  of  the  amylic 
would  be  added  to  that  of  the  ethylic ;  for  it  would  then  be  equal 
to  about  3  grains,  the  lowest  amount  at  which  distinct  effects 
can  be  obtained.  Anything,  therefore,  like  a  grain  and  a  half  of 
amylic  alcohol  per  ounce  (irrespective  of  the  question  whether  such 
a  whisky  may  be  pronounced  adulterated  or  not),  may  certainly  bo 
considered  injurious  to  health.  The  analysis  of  whisky  is  carried 
out  precisely  upon  the  principles  already  detailed. 

§  240.  Tlic  prosecutions  for  mere  dilution  of  whisky :];  have 

*  Cross  :  De  I'Alcohol  Amyliciue  et  Methyl  sur  rOrganismc.  Thfcse. 
Strasburg,  ISO.'!. 

t  Rabuteau  :  Ueber  die  Wirkung  des  /Ethyl,  Butyl,  mid  Amyl  Alkohols. 
J:  Union,  Nos.  00,  91,  1870;  Hchmldt'H  Jahrb.,  Bd.  14<),  j..  203. 

t  The  le^al  limit  of  dilution  of  brandy,  whisky,  or  rum  is  35  degrees 
under  proof    (See  p.  48. ) 
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been  rather  frequent,  especially  in  tlie  north  of  England ;  but  very 
few  convictions  for  other  adulterations  appear  to  have  been  ob- 
tained. The  following  case  presents  sufficient  points  of  interest 
to  deserve  quotation  : — 

At  the  Greenock  Police  Court,  W.  D.  was  accused  of  selling  to  two 
women  four  gills  of  whisky  adulterated  with  fixed  acid  in  a  free  state.  .  .  . 
The  analyst  stated  that  the  liquor  contained — 
By  weight  per  cent. 

34 '5  Alcohol    =    72  "4  proof  spirit. 
6  ■42  Fixed  acid. 
9-87  Volatile  acid. 
32-20  Ash. 

The  adulteration  did  not  materiallj'  increase  the  weight  of  the  whisk3'',  and 
it  was  not  hurtful,  but  the  liquor  was  of  inferior  quality.  Although  volatile 
acid  was  sometimes  found  in  whisky  from  natural  causes,  it  did  not  occur 
in  so  large  a  quantity.  He  was  of  opiuion  that  it  had  been  added  in  the 
present  case  in  the  form  of  sherry  wine.  Volatile  acid  had  the  quality  of 
changing  the  tone,  and  giving  it  a  little  flavour.  The  fixed  acid  could  not 
be  present  in  pure  whisky  unless  it  had  been  added.  A  penalty  was  imposed 
by  the  court. — San.  Record,  i.,  1874,  442. 


GIX. 

§  241.  Gin  is  a  spirit  flavoured  with  various  substances.  The 
difierent  receipts  used  in  the  trade  include — 

Juniper  berries.  Cardamom  seeds. 

Coriander  seeds.  Liquorice  powder. 

Orris  root.  Grains  of  Paradise. 

Angelica  root.  Cassia  buds. 

Calamus  root. 

These  generally  impart  their  essential  oils  to  the  spirit.  A 
few  of  the  raoi'e  important  only  will  be  described  here. 

§  242.  Oil  of  Calamu)<. — The  oil  distilled  from  the  root  of  the 
calamus  is  a  somewhat  thick,  yellow,  or  bro^vnish-yellow  oil ; 
neutral,  specific  gravity  0-950  to  0-952;  after  i-ectification,  0-950; 
boiling  point,  196°.  It  contains  oxygen,  is  but  slowlj--  changed 
by  sodium,  and  does  not  fulminate  with  iodine.  It  dissolves 
in  all  projiortions  in  alcohol  and  bisulphide  of  carbon.  The 
spirituous  solution  of  the  oil  takes  a  brown  colour  on  the  addi- 
tion of  a  little  chloride  of  iron. 

§  243.  Oit  of  Cardamoms  is  a  pale  yellow  oil,  with  a  strong 
smell  of  cardamoms,  of  neutral  reaction,  of  specific  gravity  0-92 
to  0-94.    It  contains  a  stearoptene  of  the  formula  C^oHieSHoO.* 

*  HusEMANN.— "Die  Pflanzenstoffe." 
Dumas  and  PKr.iooT  :  Avn.  CMm.  PJnjs.  [2],  Ivil  334. 
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§  244.  A^igelica  root  conteLUiH  a  volatile  acid — Angelic  acid — a 
bitter  principle,  a  crystalline  substance- — Angelicine — a  resinous 
substance,  an  essential  oil,  and  other  constituents. 
I  Angelic  Acid,  CgHgO.,,  forms  transparent  glittering  jDrisms  and 
needles,  melting  at  44"  to  45°  into  an  oil,  which  may  be  solidi- 
fied at  0°  into  a  ci-ystalline  solid.  If  the  heat  be  raised  up  to 
190°  it  boils  and  distils  unchanged ;  it  is  inflammable,  burning 
with  a  luminous  flame.  The  acid  reddens  litmus,  and  has  the 
I  odour  of  the  root.  It  scarcely  dissolves  in  cold  water,  but  is 
soluble  in  hot,  in  alcohol,  ether,  turpentine,  and  the  fatty  oils. 
It  forms  salts  with  bases,  which  lose  a  part  of  the  acid  on  evapo- 
ration. It  precipitates  lead  and  silver  salts  white  ;  iron  salts, 
dark  yellow ;  and  coj)per,  bluish.  By  the  aid  of  hydric  iodide 
and  red  phosphorus,  acting  at  180°  to  200°,  angelica  acid  is 
changed  into  valerianic.  Melting  the  acid  with  KHO  decom- 
poses it  into  2)ropionate  and  acetate  of  potash. 

Angelicine  is,  according  to  Brunner,  probably  identical  with 
hydrocarotin,  a  principle  described  by  Husemann,  found  in  the 
Daucus  carota,  L.,  and  to  which  the  following  formula  is  ascribed, 
CjgHgQO.  Hydrocarotin,  or  angelicine,  forms  colourless,  large, 
thin  plates,  without  smell  or  taste,  swimming  in  water,  and 
becoming  at  100°  hard  and  brittle.  At  higher  temperatures 
(120°-5)  it  melts  without  loss  of  weight  to  a  yelloAV  fluid,  which 
solidifies  as  a  resinous  mass,  and  cannot  be  again  crystallised. 
It  is  readily  soluble  in  ether,  chloroform,  carbon  bisulphide, 
benzine,  oil  of  turpentine,  and  warm  olive  oil.  It  is  not  changed 
in  colour  by  concentrated  hydrochlox'ic  acid  ;  fuming  nitric  acid 
dissolves  it  with  the  evolution  of  gas.  Concentrated  sulphuric 
acid  dissolves  it  to  a  red  fluid,  depositing  brownish-white  flakes 
on  dilution  with  water. 

Angelica  Oil  is  colourless,  and  lighter  than  water  ;  it  has  a 
penetrating  odov;r  and  camphor-like  taste,  and  resinifies  on 
exposure  to  the  air.* 

§  245.  Oil  of  Coriander  is  a  pale  yellow  oil,  smelling  like  the 
fruit;  of  sj)ccific  gravity  -871  at  14°,  and  a  portion  distilling 
over  at  150°.     The  volatile  ])art  corresponds  to  the  formula 

J3!blioi/raphy. 

Ahi^CHER.—Bcr.  d.  (lautHch.  Chem.  (•'e.s.,  18()!),  685. 
Bronneh,  Carl.— iV.  Jiep.  Pharm.,  xxiv.  041-665. 
BuciiNER,  A.—Rppert.  Pharm.,  Ixxvj. 
Chiozza.— yln«.  Cliim.  Plu/s.  [3J,  xxxix.  4,35. 
HcsEMANN.— "Die  Pllanzenstoll'e."    I5erlin,  1871. 
Jafkk. — Anil.  Chem.  Pharvi.,  cxxxv.  2!)]. 
Mayer  and  Zenner.— ^«/t.  Chem.  Pharm.,  Iv,  .317. 
Eeinscii.— J«/(r/j.  Pharm.,  vii.  79. 
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CjgHjgHoO ;  the  portion  of  a  higher  boiling  point  to  iC^QH^oH^O. 
If  both  "portions  ai-e  distilled  with  phosphoric  anhydride,  a 
powerfully  odorous  camphor,  CjoHjg,  is  produced.* 

§  246.  Oil  of  Juniper  is  contained  in  the  unripe  berries  of  the 
common  juniper,  in  the  proportion  of  from  4  to  '75  2>er  cent. 
It  is  colourless,  or  of  a  pale  yellow,  dissolving  with  turbidity 
in  twelve  parts  of  alcohol  of  83  per  cent.  Miscible  in  all  pro- 
portions with  ether  and  bisulphide  of  carbon.  Smell  and  taste 
mildly  aromatic.  Specific  gi-avity  0-8G2  to  0"874,  but  the  poorer 
commercial  samples  often  have  a  specific  gravity  of  0-860.  The 
perfectly  colourless  oil  does  not  fulminate  with  iodine,  but  the 
commoner  kinds  explode  powerfully.t  If  from  5  to  6  drops  of  the 
oil  be  placed  in  a  test-tube,  and  five  times  its  bulk  of  sulphuric 
acid  be  added,  much  heat  is  developed  with  the  evolution  of 
vapour,  and  the  fluid  becomes  dark  yellow-red  and  turbid ;  on 
now  diluting  with  10  cc.  of  90  per  cent,  alcohol,  the  colour  changes 
to  a  somewhat  dirty  rose  tint.  The  pure  oil  boils  between 
140°  and  150°;  it  polarises  to  the  left.  On  exposure  to  the  air, 
oxygen  is  absorbed  ;  and  on  long  standing,  colourless  tables  of 
juniper  camphor  are  separated.  This  camphor  melts  and  sub- 
limes without  decomposition,  is  easily  soluble  in  ether  and 
alcohol,  and  may  be  obtained  in  feathery  crystals. 

The  action  of  warm  water  on  juniper  oil,  if  kept  up  for  some 
considerable  time,  results  in  the  formation  of  a  crystalline 
hydrate.  Oil  of  juniper  is  officinal  in  all  the  Continental  phar- 
macopoeias, as  well  as  our  own.  In  such  large  doses  as  from  15  to 
30  grms.,  it  is  fatal  to  kittens,  apparently  acting  in  the  same  way 
as  turpentine.  J 

§  247.  Analysis  of  Gin. — The  analyst  shoiild  find  in  good  gin  at 
least  80  per  cent,  of  proof  spirit,  and  a  A^ariable  amount  of  sugar 
and  flavoui-ing  matters,  seldom  much  over  5  or  6  per  cent.  Sul- 
phuric acid,  sulphate  of  zinc,  alum,  and  lead  should  always  be 
looked  for.  Many  writers  seem  to  imagine  that  grains  of  para- 
dise is  an  adulterant.    It  is,  however,  in  its  properties  mei'ely  a 

*  HusKMANN. — "  Die  Pflanzenstoffe."    Berlin,  1S71. 

K  A  WALTER. — Journ.  Pract.  Chem.,  Iviii.  2'2G. 
+  It  is  said  that  the  oil  from  the  unripe  fruit  explodes,  that  from  the 
fully  ri]ie  berries  losing  this  property. 
X  Bibliogivphy. 

HiK.scH. — "  Friifuag  dcr  Arzneimittel."    Berhn,  1875. 
HusEMANN. — "  Die  Pflanzenstoffe."    Berlin,  1871. 
Simon.— "De  Olei  Juniperi  Berol.,"  1841.    Berlin  Med.  Vcr.  Ztg. 
19,  1844. 

Steer.— C/t(?7)i.  Ccntralbl.,  1856-60. 

SouBEiRAN  et  Capitaine. — Journ.  Pharm.  [2],  xxvj.  78. 
Zaubzer.— /,Vpe»-<.  Pharm.,  xxii.  415. 
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pepper,  and  much  nonsense  lias  been  talked  about  it.  It  is 
very  doubtful  whether  any  just  conviction  would  be  obtained 
for  the  addition  of  any  harmless  flavouring  to  the  spirit ;  nearly 
all  prosecutions  hitherto  have  been  for  dilution,  and  for  dilution 
only.  It  appears  that  no  genuine  gin  *  is  sold  to  the  retailer  22 
under  proof,  but  the  standard  fixed  by  the  6th  section  of  the 
Amended  Act  (see  p.  48)  lays  down  the  limit  of  35  degrees  under 
j)roof,  and  anything  below  this  must  be  returned  by  the  analyst 
as  adulterated. 

The  alcohol  should  be  determined  by  distillation,  as  before 
described  (p.  378),  and  the  percentage  in  the  distillate  estimated 
by  specific  gravity,  and,  if  necessary,  in  other  ways.  Neither 
methyl-alcohol  nor  fousel-oil  appears  to  have  been  found  in 
gin- 

The  residue  after  the  distillation  may  be  treated  with  petro- 
leum ether,  benzine,  &c.,  as  in  Dragendorff's  process  for  the  test- 
ing of  beers.  The  essential  oils  will  be  taken  up  by  the  petroleum 
ether,  and  may  be  identified  by  their  odour  and  taste,  and  (if 
enough  is  obtained)  by  tiieir  physical  properties.  Sulphm-ic 
acid,  if  in  a  free  state,  may  be  separated  by  quinine,  as  recom- 
mended under  the  article  "  Vinegai-."  The  detection  of  alum, 
lead,  and  zinc  is  elsewhere  described. 


AER  ACK. 

§  248.  The  best  qualities  of  arrack  are  manufactured  by 
•distillation  of  the  fermented  juice  of  tlie  cocoa-nut  tree,  palmyra 
tree,  and  other  palms  ;  the  coai'ser  kinds  are  made  from  the 
distillation  of  fermented  rice  liquor.  Arrack  is  nearly  colourless, 
la  slight  tinge  of  yellow  or  brown  being  only  observed  in  samples 
kept  in  casks  for  a  length  of  time.  The  average  strength  and 
icomposition  of  arrack  are  as  follows  : — 

*  In  an  appeal  case  (heard  before  the  le^al  limit  was  fixed)  before  Baron 
•C'leasby  and  Mr.  Justice  Orove  (FaMer  v.  lilnmdU),  the  analyst  proved  that 
the  gin  was  44  degrees  below  proof.  The  judges  alfirnied  the  conviction. 
Baron  Cleasby  thought  the  conviction  was  right.  Wlien  the  respondent 
/isked  for  gin  he  meant  such  gin  as  is  ordinarily  sold  ;  and  to  sell  him  such 
gin  as  that  in  question  was  to  sell,  to  the  prejudice  of  the  ]iurcliaser,  gin 
which  was  not  of  the  quality  demanded.  The  amount  of  water  proved  to 
have  been  discovered  with  the  gin  afforded  evidence  that  it  had  been  added 
for  the  purpose  of  fraudulently  increasing  its  measure.  Mr.  Justice  Grove 
concurred  ;  in  his  opinion,  when  it  was  proved  that  the  gin  contained  so 
much  more  water  than  gin  as  ordinarily  sold,  the  onus  was  thrown  on  the 
.seller  of  proving  that  he  was  not  aware  of  the  state  in  which  it  was. 


392 


FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.        [§  249. 


Per  cent. 

Specific  gravity,       .       .       .  'DISS 

Alcohol,   52-700 

Extract,   -082 

Ash,   -024 

Water,  47-194 

The  Hindoos  and  Malays  consume  large  quantities  of  arrack. 
It  would  appear  in  the  East  to  be  occasionally  drugged,  and 
Indian  hemp  and  the  juice  from  solanaceous  plants  are  said  to  be 
employed  for  this  purjDose. 


LIQUEURS  OR  CORDIALS. 

§  249.  The  term  cordial,  liqueur,  &c.,  is  applied  to  a  number  of 
liquids  which  essentially  consist  of  very  strong  spirit,  flavoured 
with  essences,  and  often  very  brightly  coloured  by  vegetable 
colouring-agents,  such  as  turmeric,  cochineal,  &c.  Occasionally 
injurious  colours  are  used,  and  salts  of  copper,  picric  acid,  and 
impiire  aniline  dyes  have  been  detected.  Of  the  liqueurs, 
absinthe  is  the  most  important  in  relation  to  health,  and  will 
be  considered  separately.  The  alcoholic  strength  and  general 
composition  of  a  few  others  are  as  follows : — 


Speciflc 
gravity. 

Alcohol 

K 

weight. 

Exti-act 

Cane 
Sugar. 

Other 
Extinc- 
tive 
Matters 

Ash. 

Bonekanip  of  Maagbitter, . 

-9426 

42-5 

2-05 

0-106 

Benedictine-bitter,  . 

1-0709 

44-4 

36-00 

32-57 

3-43 

0-043 

Ingwer,  .... 

1  -0481 

40-2 

27-79 

25-92 

1-87 

0-141 

Creme  de  meuthe, 

1-0447 

40-7 

28-28 

27-63 

0-65 

0  068 

Anisette  de  Bordeaux, 

1  -0847 

35-2 

34-82 

34-44 

0-38 

0  040 

Curagoa,  .... 

1-0300 

47-3 

28-60 

28-50 

010 

0-040 

M  dmmel-Iiqueui", 

1-0830 

28-0 

32  02 

31-18 

0-84 

0-058 

PfefFer-mnnz  liqiiem-. 

1  -1429 

28-6 

48-25 

47-35 

0-90 

0  068 

Swedish  Punch, 

1-10.30 

21-6 

36'61 

.  ABSINTHE. 

§  2.50.  Absinthe  is  a  yellowish-green  liqueur,  which  contains, 
as  a  peculiar  and  distinctive  ingredient,  a  poisonous  oil  having 
a  deleterious  action  on  the  nervous  system.     This,  "worm- 
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wood  oil,"  is  the  produce  of  the  "Artemisia  absinthium."  Othei- 
flavouring  oils  are  always  present,  such  as  peppermint,  angelica, 
cloves,  cinnamon,  and  aniseed.  The  green  colour  is  produced  by 
tlie  juice  of  spinach,  nettles,  or  parsley,  or,  in  other  words,  it  is 
due  to  chlorophyll.  The  absorption-spectrum  of  properly  made 
absinthe,  is  the  same  as  that  of  chlorophyll.  Most  samples  of 
absinthe  contain  sugar.  The  average  composition  of  the  liqueur 
as  consumed  in  London  (where  its  use  is  on  the  increase)  is  as 
follows : — 


Per  cent. 

Absolute  alcohol,       .       .       .       .       .       .  50 '00 

Oil  of  wormwood,      ......  '33 

Other  essential  oils,    ......  2 '52 

Sugar,   1-50 

ChJoropliyl],       .......  traces 

Water,   45-65 


On  diluting  absinthe  the  essential  oils  are  thrown  out  of 
solution,  and  the  liquid  becomes  turbid.  The  reaction  is  always 
slightly  acid,  due  to  a  trace  of  acetic  acid. 

Adulterations  of  Absinthe. — The  composition  of  absinthe  appears 
to  be  fixed  by  nc>*  definite  standard  of  strength ;  therefore, 
practically,  the  analyst  has  to  look  only  for  such  substances  as 
injui-ious  colouring-matters  and  metallic  impurities.  Sulphate  of 
indigo  with  turmeric  is  not  unfrequently  employed  as  a  colouring 
agent,  and  similarly  picric  acid  has  been  detected,  and  salts  of 
copper.  The  latter  is  readily  discovered  by  diluting  the  liqueur 
and  adding  ferrocyanide  of  potash,  which,  if  copper  be  present, 
will  give  a  brown  coloration ;  picric  acid  and  indigo  are  detected 
in  the  way  elsewhere  described.    (See  Index.) 

Analysis  of  Absinthe. — The  alcohol  may  be  determined  by  dis- 
tillation, after  diluting  the  liqueur  to  cause  the  oils  to  separate, 
and  getting  rid  of  some  portion  by  filtration.  To  make  an 
estimation  of  the  essential  oils,  a  measured  quantity  of  the 
liqueur  is  diluted  to  twice  its  volume  by  the  addition  of  water  ; 
carbon  disulphide  is  added,  and  the  mixture  shaken  up  in  the 
tube  described  at  p.  69.  The  carbon  disulphide  dissolves  all 
the  essential  oils,  and  on  evaporation  leaves  them  in  a  state-pure 
enough  to  admit  of  their  being  weighed.  Absinthe,  when  taken 
habitually  and  for  a  lengthened  time,  produces  a  peculiar  train  of 
nervous  symptoms  which  the  French  physicians  affect  to  dis- 
tinguish from  the  similar  symptoms  produced  in  inebriates  by 
alcohol.  In  epilep.sy  caused  by  indulgence  in  absinthe,  M.  Voisin 
states,  as  the  results  of  clinical  observation,  that  the  number  of 
fits  is  far  greater  than  in  alcoholic  epilepsy. 


FERMENTATION  :  FERMENTED  LIQUORS. 


The  chemical  act  of  fermentation  is  essentially  a  correlative  phenomenon 
of  a  vital  act  beginning  and  ending  with  it.  I  think  that  there  is  never 
any  alcoholic  fermentation  without  there  being,  at  the  same  time, 
organisation,  development,  and  multiplication  of  globules,  or  the  con- 
tinued consecutive  life  of  globules  already  formed." — Pasteui: 

§  251.  Fermented  liquors  are  those  manufactured  by  fermen- 
tation— i.e.,  a  peculiar,  low  vegetable  growth  has  been  allowed 
to  grow  and  multiply,  assimilating  material  in  one  form,  and 
excreting  it  in  another,  and  this  process  has  evolved,  with  other 
by-products,  carbon  dioxide  and  alcohol.  Fermentation  xised  to 
he  considered  as  a  sort  of  special  action ;  but  modern  researcli 
recognises  a  great  variety  of  ferments,  and  it  is  a  question 
■whether  all  animal  and  vegetable  cells,  in  the  exercise  of 
their  normal  functions,  do  not  act  in  a  similar  manner  to  the 
environing  fluids,  as  do  the  organisms  more  distinctively  called 
"  ferments." 

In  normal  alcoholic  or  spirituous  fermentation,  as  in  the  manu- 
facture of  beer,  a  minute  unicellular  plant,  "  yeast,"  grows  and 
multiplies,  and  sjilits  up  the  sugar,  as  in  the  following  equation : — 

CcHj  aOe  =  2C2HcO -f  2CO2 , 

fchat  is,  one  molecule  of  sugar  furnishes  two  of  alcohol  and  two 
of  carbon  dioxide.  In  ordinary  practice  this  complete  reaction 
never  occurs,  but  if  by  the  constant  removal  of  carbon  dioxide 
and  alcohol,  by  means  of  a  mercury  pump,  atmospheric  air  be 
excluded,  the  equation  is  nearly  realised.  M.  Pasteur,  in  his 
quantitative  research  on  the  products  of  ordinary  fermentation,* 
found  that  100  parts  of  cane-sugar,  corresponding  to  105-26  parts 
of  grape-sugar,  gave  nearly 

Alcohol,  .       .  .  r)l-ll 

Carbon  dioxide,  \  ^8  89  according  to  Gay  Lussacs  equation. 

'  j       0"53  excess  over  „ 

Succinic  acid,  .  .  0'67 

Cilycerine,        .  .  3'IC 
Matter  united  with  )  , 

ferments,     .  .  (  ^ 


105-36 


*  The  method  adopted  by  M.  Pasteur  to  detect  and  measure  quantita- 
tively the  glycerine  and  succinic  acid  contained  in  a  fermented  liquid,  was 
.as  follows: — "The  liquid,  when  the  fermentation  was  over,  and  all  the 
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M.  Monoyer  *  has  represented  Pasteur's  results  in  tlie  form 
of  the  following  equation  : — 

4(CioH240i2)  +  6H2O  =  2(C4Hg04)  +  12(C3H803)  +  4COo  +  O2, 

the  free  oxygen  being  supposed  to  serve  for  the  respiration  of 
the  yeast  cells.  Pasteur's  equation  is  far  more  com])lex,  and 
represents  no  free  oxygen  as  produced ;  yet  the  fact  of  fermenta- 
tion going  on  briskly  in  a  vacuum,  as  well  as  other  considerations, 
points  to  the  probable  correctness  of  Monoyer's  sujiposition. 

As  a  secondary  product,  there  is  also  constantly  acetic  acid. 
This  is  generally  considered  to  originate  from  the  ferment  itself. 
With  ethyl-alcohol  there  is  also  produced,  when  complex  matters 
are  fermented,  several  other  homologoiis  alcohols.  For  example, 
if  potatoes  are  fermented,  on  distilling  off"  the  more  volatile 
jiortions,  and  collecting  sejiai'ately  the  final  distillate,  this  is 
found  to  consist  of  propyl,  butyl,  amyl,  caproic,  cenanthyl,  and 
ca2irylic  alcohols.f 

§  252.  Yeast. — There  are  no  less  than  tlirec  methods  of  causing 
the  wort  of  beer  to  ferment,  but  none  of  the  three  presents  any 
very  distinct  variety  of  the  yeast  ferment.  The  one  generally 
employed  in  England  is  what  is  called  surface  fermentation,  in 
which  the  starch  of  the  malt  is  changed  into  sugar  by  successive 
infusions,  and  the  fermentation  takes  place  at  from  15°  to  18°. 
This  in  breweries  is  done  in  large  open  vats  ;  the  yeast  floats  on 
the  surface,  and  can  be  removed  by  skimming. 

The  second  method,  more  in  use  in  Germany,  is  fermentation 

sugar  had  disappeared  (which  required  from  fifteen  to  twenty  days  under 
,£;ood  conditions),  was  passed  through  a  filter,  accurately  weighed  against 
another  made  of  the  same  paper.  After  having  been  dried  at  100°.  the 
dried  deposit  of  the  ferment  collected  at  the  bottom  of  the  vessel  was  also 
weighed.  The  filtered  liquid  was  subjected  to  a  very  slow  evajioration  (at 
the  rate  of  from  twelve  to  twenty  hours  for  each  half  litre)  ;  when  reduced 
to  10  or  20  cc.  the  evaporation  was  completed  in  a  dry  vacuum.  The  syrup 
obtained  was  next  exhausted  with  a  mixture  of  alcohol  and  ether  (I  part 
alcohol  of  .30°  and  I'S  parts  ether),  which  extracted  completely  all  the 
.succinic  acid  and  glycerine.  The  ether-alcohol  was  distilled  in  a  retort, 
then  evaporated  in  a  water-bath,  and  afterwards  in  a  dry  vacuum.  'Jo  this 
was  added  a  little  lime  water,  to  fix  the  succinic  acid,  and  again  the  mixture 
was  evaporated,  and  then  the  glycerine  was  separated  from'the  succinate  of 
lime  by  ether-alcohol,  which  oiily  dissolved  out  the  glycerine.  This  ether- 
alcohol  solution  on  evaporation,  which  Mas  finished  as  before  in  a  dry 
vacuum,  left  the  glycerine  in  a  state  fit  to  be  weii;hed,  and  the  calcium 
succinate  was  purified  by  treatment  with  alcohol  of  80  per  cent.,  which  only 
<lissolved  out  the  foreign  matters." —SchiUzeiibcrfjer  on  " Fermmlation)' 
Lond.,  1876. 

*  "Th  ese  de  la  Facultc  de  Medicine  de  Strasbour^^. " 

+  M.  Jcanjean  has  separated  camphyl-alcohol  (CjoHioO)  from  the  distillate 
of  madder. 
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by  sedimentary  yeast  {Unterhefe).  The  starch  is  transformed 
by  decoction,  and  the  temperature  (12°  to  14°)  is  much  lower 
than  the  former.  The  yeast  forms  a  sediment  on  the  bottom  ; 
and  when  the  first  and  most  active  fermentation  is  over,  the 
clear  liquid  is  run  off'  into  proper  vessels  ;  but  the  yeast  not 
having  been  all  deposited,  a  slow  fermentation  still  goes  on 
for  a  long  time. 

A  third  method,  employed  in  Belgium,  is  to  leave  the  wort 
to  itself,  having  first  placed  it  under  proper  conditions. 

The  microscopical  appearance  of  yeast  is  that  of  a  number  of 
round  or  oval  cells,  from  -00031  to  -00035  in.  (-008  to  -009  mm.) 
in  their  greatest  diameter.  They  are  transparent,  with  one  or 
two  vacuoles ;  contain  often  a  somewhat  granular  protoplasm, 
and  occur  together,  united  two  by  two;  or,  if  in  active  growth,  in 
groups,  of  which  seven  is  a  very  common  number.  These  groujis 
are  derived  from  ofFslioots  or  bvids  from  a  single  cell,  which  will 
be  found  somewhere  near  the  middle,  and  can  be  identified  by 
its  greater  size.  The  usual  teaching  as  to  the  mode  of  propaga- 
tion has  been  hitherto  that  this  growth  is  eff'ected  by  a  true 
budding  ;  but  according  to  Dr.  de  Vaureal,  the  supposed  bud- 
ding is  an  optical  delusion.  He  considers  the  utricle  of  yeast 
as  allied  to  the  spermogones  of  Tulasne.  The  nucleolar  elements 
of  the  cell  are  spermatic ;  and  being  set  free  by  the  rupture  of 
the  cell-wall,  pi-oduce  new  cells.  This  explanation  would  at  all 
events  account  for  the  ready  manner  in  which  yeast  germs  are 
carried  about  by  the  air. 

Schlossberger  and  many  other  chemists  have  determined  the 
chemical  composition  of  yeast.  Schlossberger  gives  the  mean 
of  two  analyses  as  follows  [the  elementary  composition  after 
removal  of  ash]  : — 

Surface  Yeast  Sedimentary  Yeast 

Carbon,   49-9  48  0 

Hydrogen,     ....  6'6  6-5 

Nitrogen,      ....  12-1  9-8 

Oxygen,        .       .       .       .  31-4  35-7 

[Ash,  2-5  3-5] 

The  ultimate  principles  contained  in  yeast  appear  to  be, 
certain  albuminoid  substances,  tyrosine,  leucine  [neuclein?], 
cellulose,  and  some  other  hydi'o-carbons,  but  the  matter  is  not 
yet  fully  worked  out. 

The  asli  of  yeast  has  been  analysed  by  Mitscherlich,  aiid 
Schutzenberger  arranges  his  analyses  as  follows  : — 
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Phosphoric  acid, 

Potash,  ..... 

Soda,  

Magnesium  Phosphate  (Mg22P04), 
Calcium  Phosphate  (Ca„2P04),  . 


Surface  Yeast. 

41-8 
39-8 


Sediment  Yeast 

39-5 
28-3 


22-6 
9-7 


The  researches  of  Ergol,  Rees,  Pasteur,  and  others  have 
shown  that  there  are  a  great  variety  of  alcoholic  ferments  :  the 
■vvine  ferment  is  distinct  in  size  and  shape  from  the  beer-yeast 
ferment;  while  the  ferment  of  fruit-juice,  again,  diffei'S  in  the 
figure  of  its  cells  from  either ;  and  to  the  various  alcoholic 
ferments  names  have  been  given — e.g.,  Saccliaromyces  ellipsoideus, 
S.  exifjuus,  S.  conglomeratus,  S.  apiculatu^,  ikc.  All  of  them, 
however,  are  of  quite  the  same  general  type  as  yeast  ferment. 

§  253.  When  liquids  become  sour,  ropy,  or  piitrid,  in  each 
case  the  change  has  been  produced  by  a  particular  ferment. 
The  lactic  acid  ferment,  e.g.,  decomposes  sugar  into  lactic  acid  ; 
the  butyric  acid  ferment  attacks  fatty  matters,  and  separates  in 
a  free  state  butyric  acid ;  and  putrid  ferments,  by  their  avidity 
for  oxygen,  sjilit  up  complex  organic  matters  into  a  variety  of 
substances.    Of  these  ferments,  the  most  important  in  |iT|^-7-iTf|| 
I'eference  to  beer  is  the  lactic  acid  ferment.    In  noi'mal   11  I  j 
alcoholic  fei'mentation,  M.  Pasteur  has  proved  thatthei'e    !n|  11 
is  not  the  smallest  production  of  lactic  acid,  and  when  || 
this  does  appear,  it  is  certain  that  it  has  originated  | 
in  and  contaminated  the  yeast  used.    These  ferments 
can  be  recognised  by  the  microscope,  and  they  should  | 
be  looked  for  generally  in  the  sediment.    For  tlie  purpose     j  11 
of  collecting  the  .sediment  of  beers,  wines,  water,  etc.,  the  ! 
author  has  devi.sed  the  following  tube  (fig.  43).  The  tube  is       i  | 
of  the  capacity  of  a  litre,  and  at  the  lower  end  is  conical     !     i  I 
and  open  ;  on  to  this  conical  end  is  ground  a  glass  cap,  C,     I  i  j 
which  is  in  point  of  fact  a  shallow  cell  about  an  inch  in     I  j  I 
depth  ;  P  is  a  glass  rod,  the  end  of  which  fits  easily  into  1 
the  narrow  part  of  the  tube,  and  is  ground  so  as  to  make     |  | 
a  perfect  joint.    The  use  of  the  tube  is  as  follows  : —   |  |  i 
The  liquid  under  examination  is  placed  in  the  tube   |i  i 
closed  by  the  cap,  and  the  plunger  P  is  removed  ;  wlien    V  i  f 
tlic  sediment  has  all  collected  in  C,  the  plunger  is  very     \  ||f 
slowly  and  carefully  inserted,  so  as  to  stopper  the  lower  W 
end  of  the  tube;  the  caji  may  tlien  be  removed  for  micro-  ri'-C 
scopical  examination.  Pio-.  43. 

Fig.  44  is  a  representation,  after  Pasteur,  of  the  ferments 
which  characterise  sour  or  turned  beer. 
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1.  Turned  beer — filaments  simple  or  articulated  into  chains  of  different 

size  ;  diameter  y  s^xr  inch. 

2.  Lactic  ferments  of  beer  and  wort— small,  fine,  and  contracted  in  the 

middle  ;  diameter  a  little  greater  than  No.  1. 

3.  Ferments  of  ])utrid  wort  and  beer — mobile  filaments  generally,  which 

appear  at  the  commencement  of  fermentation  when  it  is  slow  ;_invari- 
ably  the  result  of  defective  working. 

4.  Ferments  of  viscous  wort  and  ropy  beer,  rare. 

5.  Pungent  sour  beer  with  acetic  odour — cha^ilets  of  Mycoderma  aceti. 

6.  A  wort  deposit. 

7.  Beer  of  a  peculiar  acidity— having  a  detestable  taste  and  smell,  generally 

found  with  No  1,  but  more  to  be  feared  than  No.  1. 


BEER. 

§  254.  The  most  accurate  definition  of  beer,  as  brewed  in  the 
present  day,  is  that  of  a  fermented  saccharine  infusion,  to  which 
has  been  added  a  wholesome  bitter.  The  chief  constituents  of 
beer,  stouts,  and  porters,  are — 

(1.)  Water  containing  in  solution  (according  to  its  origin) 
various  salts.    Distilled  water  is  never  used  in  brewing. 
(2.)  Alcohol. 

(3.)  Carbonic  and  acetic  acids. 

Malt,  sugar,  dexti-ine,  albuminous  con- 
stituents, and  ash. 


(4.)  Malt  extract,  | 
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(5.)  Bitter  principles,  occasionally  derived  solely  from  the  hop, 
but  very  commonly  supplemented  by  so-called  "  hop 
substitutes."  Samples  of  the  latter  examined  by  the 
author  all  contained  "  quassia,"  and  portions  of  tlie 
following  plants  were  identified — Calumba,  chirata, 
gentian,  and  wormwood. 

(G.)  The  ash  derived  from  the  water,  the  malt,  and  the  bitters. 

To  these  miist  be  added  volatile  and  essential  oils,  vegetable 
gelatine,  ghicinic  acid  derived  from  the  sugars,  lactic  acid,  and,  in 
porters,  caramel  and  assamar. 

The  general  composition  of  the  chief  ingredients  of  beer  may 
be  gathered  from  the  following  table,  taken  from  Mr.  AVatts' 
Dictionary  : — 


TABLE  XXXVL— SPECIAL  EXAMINATION  OF  CERTAIN  BEERS. 


2 

o 

ts  -a 
•3  a 

•  +j 

o  a 

'o  . 

<a 

c  C 

Name  of  Ceer. 

•a  g 
o  " 
o  t- 

S  S 

ru  O 
u 

ci 

Analysed  by 

■3  PM 

1>  ^ 
<C^^ 

Carbo 

Pe; 

b»  ^ 

London    Porter,    Barclay    &  ) 
Perkins,      .       .       .       .  \ 

O  \j 

OIG 

Jvaiser. 

London  Porter, 

6-8 

6-9 

86 '3 

Balling. 

,,        ,,      Berlin,  . 
Burton  Ale,  . 

5-9 

4-7 

0-37 

89  0 

Ziurek. 

M5 

5  9 

Hoffmann. 

Scotch  Ale,  Edinburgh,  . 

10-9 

8-5 

015 

80-45 

Kaiser. 

Ale,  Berlin,   .       .  '  . 

6-3 

7-6 

017 

85-93 

Ziurek. 

Brussels  Lambick,  . 

3-4 

5-0 

0-2 

90-90 

Kaiser. 

,,  Faro, 

2-9 

4-9 

0-2 

92-00 

>) 

Salvator  Bier,  Munich,  . 

9-4 

4-6 

0-18 

85-85 

J  > 

Bock  Bier,  ,, 

9-2 

4-2 

0-17 

8G-49 

Bavarian       Draught      Beer  ) 
(Scheuk  Bier,  Munich),      .  \ 

5-8 

3'8 

0-14 

90-26 

T» 
)  > 

Bavarian  Store  Beer  (La^er  i 
Bier,   Munich,   IG  months  / 
old),  1 

50 

5-1 

0-15 

89-75 

y> 

Bavarian  Store  Beer,  Munich, 

3-9 

4-3 

OIG 

91-64 

,,    Draught  Beer,  Brunswick, 
Bavarian  Beer  (WaldschlOsschen) 

5-4 

3-5 

91-1 

Otto! 

4-8 

3G 

91-5 

Fischer. 

Prague  Draught  Beer,  . 

6-9 

2-4 

90-7 

Balling. 

,,       Town  Beer  (Stadt  Bier), 

10-9 

3-9 

85-2 

Sweet  Beer,  Brunswick, 

14-0 

r3G 

84-7 

Otto.' 

Josty'a  Beer,  Berlin, 
Werder's  Brown  Beer,  Berlin, 

2(5 

2-G 

o-ri 

94-3 

Ziurek. 

31 

2-3 

0-3 

94-2 

White  Beer,  Berlin, 

5-7 

1-9 

0-6 

91-8 

Bierc  Blanche  de  Louvain, 

3  0 

40 

93-0 

♦  » 

Le  Cambrc. 

Petennan  (Louvain), 

4-0 

G-5 

89-5 

) » 
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The  composition  of  beers,  as  a  whole,  varies  in  some  degree 
according  to  the  kind  of  ale  or  beer,  according  to  the  method  of 
manufacture,  and  according  to  its  age  and  preservation. 

Pale  Ale  should  be  made  from  the  finest  and  highest  dried 
malt  and  the  choicest  hops,  the  bitter  being  in  excess. 

Mild  Ale  is  a  sweet,  rather  strong  beer.  Table  heer  is  rarely 
sold — it  is  a  weak  watery  ale. 

Porter,  as  drunk  in  the  metropolis,  is  a  rather  weak  malt- 
liquor,  coloured  and  flavoured  with  roasted  malt.  Stout  is  a 
richer  and  stronger  description  of  porter. 

The  German  Beers  generally  are  fermented  by  sedimentary 
yeast,  and  are  always,  by  reason  of  the   after  fermentation 

JVachgtihrimg"),  well  charged  with  cai'bon  dioxide.  The  lager, 
summer,  bock,  or  export  beers  are  sef)arated  from  the  winter  beers 
only  by  the  former  being  brewed  from  a  richer  wort,  and  contain- 
ing more  alcohol,  as  well  as  a  greater  percentage  of  malt  extract. 

Bavarian  Beers  in  some  degree  derive  their  peculiar  qualities 
from  fermentation  at  a  low  temperature.  They  seldom  contain 
more  than  two  per  cent,  of  alcohol,  are  only  slightly  bittered, 
have  a  fine  aroma,  and  a  peculiar  flavour,  said  to  be  due  to  the 
solution  of  a  minute  fraction  of  the  resinous  matters  used  to 
caulk  the  casks. 

LamhicJc  and  Faro  Beers  are  made  with  uumalted  wheat  and 
barley  malt.  In  fermentation  the  wort  is  self-impregnated,  the 
process  sometimes  taking  months,  and  being  mostly  of  a  bottom 
character.  The  beer  contains  a  large  quantity  of  lactic  acid,  and 
is  very  hard  in  consequence. 

Of  the  constituents  of  beer,  it  will  be  necessaiy  to  notice  fully 
the  water,  the  malt  extract,  the  bitters,  and  the  ash. 

§  255.  The  water  tised  by  the  brewer  is  mainly  interesting  to  the 
analyst  on  account  of  the  common  salt  held  in  solution,  since 
in  prosecutions  for  the  addition  of  salt  the  defence  generally  is, 
that  the  latter  is  a  natural  component  of  the  beer.  Thus,  Dr. 
Bottinger's  analysis  of  the  constituents  of  the  water  used  at 
Messrs.  AUsopp's  brewery  is  as  follows  : — 

Per  Gallon. 


Chloi'idc  of  sodium,    .       ...       .       .       .  10  •12 

Sulphate  of  potash   7'65 

lime,   18-96 

,,           magnesia,   9*95 

Carbonate  of  lime   15  51 

,,            magnesia,      .....  1*70 

,,            iron,   0"60 

Silica,   0-79 


65-28 


2oG.] 
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Messrs.  Bass  and  Co.'s  water  (according  to  an  old  analysis  of 
Cooper)  contains  chlorine  equal  to  a  little  over  10  grains  of 
■common  salt  per  gallon,  and  all  published  analyses  of  water  used 
in  breweries  give  quantities  of  salt  under  14  grains  per  gallon. 
However,  since  breweries,  as  a  rule,  use  hard  spi'ing  watei',  it  is 
■quite  possible  for  the  water  in  particular  localities  to  contain  a 
much  larger  pei'centage  of  salt  than  the  quantity  mentioned 
above. 

§  25 G.  Malt  Extract. — The  constituents  of  barley  and  also  of 
malt  are  given  in  the  following  table  ;  but  of  these  it  is  the  ash 
alone  which  Avill  remain,  comparatively  speaking,  unchanged  ; 
for  by  the  action  of  mashing  a  very  large  portion  of  the  dextrine 
and  starch  becomes  changed  into  sugar. 


TABLE  XXXVII.— Composition  of  Barlev  and  Malt. 


Uadey. 

MaU. 

Air-dried. 

Air-dried. 

Kiln-dried, 
pale. 

Kiln-dried, 
amter. 

Produce  of  torrefaction,  . 

0-0 

0-0 

7-8 

14-0 

Dextrine, 

5-6 

8-0 

0-6 

10  2 

Starch,  .... 

67  0 

58-1 

58-6 

47-6 

Sugar,  .... 
Cellulose, 

0  0 

0-5 

0-7 

0-9 

9-6 

14-4 

10-8 

115 

Albuminous  substances, . 

121 

13-6 

10-4 

10-5 

Fatty  substances,  . 

2-6 

2'2 

2-4 

2-6 

Ash,  &c., 

31 

3-2 

2-7 

2-7 

100-0 

100  0 

1000 

100-0 

Barley  contains  dextrine,  starch,  albuminous  substances,  and 
a  small  quantity  of  fat,  together  with  cellulose,  and  the  ordinary 
saline  constituents  of  seeds.  Malt,  varying  a  little  in  composition 
according  to  tlie  heat  of  tlie  final  opei-ations  of  the  maltster, 
differs  from  barley  in  containing  a  small  quantity  of  sugar 
(derived  from  transformation  of  a  portion  of  the  starch),  rather 
more  dextrine,  and  altogether  less  organic  matter,  the  loss  on 
malting  being  usually  represented  as — 


27 
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Water,   .       .       .       6  00 

Saline  matter,     .       .  .       .       .  0*48 

Organic  matter,    .       .       ...       .       .       .      12  52 

19  00 

in  ICQ  per  cent,  barley. 

The  constituents  of  barley  are  tlius  given  by  Oudemann : 


Deied  Barley. 

Starch,   G5-7 

Dextrine,      ........  5'5 

Gluten  insoluble  in  water,  soluble  in  alcohol,        .  0'3 

Soluble  albuminous  bodies  coagulable  by  heat,     .  0'3 

,,             ,,            not  coagulable,     .       .  1'9 

Albuminous  bodies  insoluble  in  water  or  in  alcohol,  9 '3 

Fatty  substances,  .       .       .       .       .       .       ,  2'5 

Cellulose,   9  4 

Ash,   3-1 

Ldme,  &c.,     .       .       .       .       .       .       .       .  2*0 


According  to  Thomson,  the  following  is  the  relative  com- 
position of  the  ash  of  malt  and  barley: — 


Barley. 

Malt 

Potash,  .... 

16-00 

14-54 

Soda,  ..... 

8-86 

6-08 

Lime,  ..... 

3-23 

3-89 

Magnesia,  .... 

4-30 

9-82 

Ferric  oxide. 

0-83 

1-59 

Phosphoric  acid,  F^O^, 

36-80 

35-34 

Sulphuric  acid,  (SOy),  . 

0-16 

00 

Chlorine,  .... 

015 

Trace. 

Silica,  .       .       •       .  . 

29-67 

28-74 

Valentine  and  O'Sullivan  have  recently  disputed  the  correct- 
ness of  Oudemann's  and  the  older  analyses  in  the  following 
points: — Oudemann  finds  from  5  to  8  per  cent,  of  dextrine,  Mr. 
O'Sullivan  no  dextrine  at  all;  the  small  percentages  of  sugar 
generally  qiioted — viz.,  up  to  I'O  per  cent.,  Mr.  O'Sullivan  gives 
at  from  16  to  20  per  cent.;  and  the  authors  have  compiled  the 
following  table,  stating  that  each  item  has  been  estimated 
directly,  and  not  by  diflerence : — 


§  257.] 
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Composition  of  Pale  Malt. 

(1.)  (2.) 

Starch,    .       .       .       .       .  44  15  45  13 

Other  carbo-hydrates  (of  which 

60  to  70  per  cent,  consist 

of    fermentable  sugars), 

Inulin  (?),  and    a  small 

quantity  of  other  bodies 

soluble  in  cold  water,       .  21-23  19-39 

Cellular  matter,      .       .       .  11-57  10-09 

Pat,   1-65  1-96 

Albuminoids — 

(a.)  Soluble  in  alcohol  of 
specific  gravity  -820, 

and  in  cold  water,  .  -63  ...  -46 
(6.)  Soluble  in  cold  water 

and  at  68°,  .  .  3-23  ...  3-12 
(c. )  Insoluble  in  cold  water, 

but  soluble  at  68"  to 

70°,   ....    2-37        ...  1-36 
{d.)  Insoluble  at  68"  to 
70",   but  soluble  in 
cold  water  (albumen 

proper),  .  .  .  -48  ...  -37 
(e.)  Insoluble  in  cold  water 

and  at  70",        .       .     6-38        ...  8-49 

  13-09    13-80 

Ash,   2-60  1-92 

Water,   5-83  7-47 

100-12  99-76 


§  257.  The  Colouring-Matters  of  Malt. — Tlio  coloiii'ing-matter 
of  malt  has  been  investigated  by  Sorby,  and  examined 
spectroscopically.  The  colour  is  of  an  orange  yellow,  and 
may  be  obtained  from  the  hot  water  extract  of  malt,  after 
having  got  rid  of  as  much  sugar  and  gnm  as  possible. 
Ammonia  colours  it  a  deeper  yellow,  so  does  50  per  cent, 
sulphuric  acid.  There  is  no  distinctive  spectrum.  A  special 
tost  is  to  add  citric  acid  to  a  watei'y  or  alcoholic  solution,  and 
then  sodic  hypochlorite.  The  watery  solution  under  these  cir- 
cumstances Ijecomes  flesh-coloured,  turbid,  and  after  a  time 
precipitates.  The  spectrum,  according  to  Sorby,  is  moderately 
dark  from  D  J  E  to  F  ^  G,  clearer  from  there  to  F  |  G,  tlien 
moderately  dark  without  estimable  narrow  bands;  but  in  alcoliolic 
solution,  the  solution  remains  clear,  and  there  is  a  well-marked 
band  at  the  yellow  end  of  the  green,  which  is  at  4;|  of  Sorhy's 
scale  (that  is,  between  D  \  E  to  D  A  E);  if  the  colour  is  deejior 
the  band  is  more  evident,  and  goes  to  D  |  E.    These  appearances 
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are  so  characteristic  that  the  colouring  of  malt  in  complex 
mixtures  can  be  discovei-ed  by  them.  In  barley  the  colour 
does  not  exist. 

The  carbonised  or  high-dried  malt,  used  to  colour  porters  and 
dark  beers,  contains  at  least  two  colouring-matters  different 
from  that  just  described.  The  one  is  orange-yellow,  soluble  in 
water  and  strong  alcohol;  it  gives  no  flesh-coloured  precipitate 
with  sodic  hypochloi'ite  and  citric  acid,  nor  does  it  (like  the 
hop  colouring-matters)  darken  by  oxidising  agents;  it  is  there- 
fore probably  a  caramel.  The  other  substance  may  be  separated 
as  follows : — The  beer  is  evaporated  to  a  small  bulk,  and  preci- 
pitated by  alcohol;  the  colour  is  thrown  down,  mixed  with 
gum,  and  by  redissolving  and  repreciiDitating  it  can  ultimately 
be  obtained  nearly  pure.  In  aqueous  solution  it  gives  an 
orange-brown  spectrum,  which  is  very  slightly  shaded  from  D 
^  E,  moderately  dark  to  E  and  |  C,  after  that  very  dark. 

A  sugar,  "  maltose,"  is  obtained  by  the  action  of  malt  extract 
on  starch;  it  has  a  specific  rotatory  power  of  -f  150°.  The 
behaviour  of  maltose  to  Fehling's  solution,  and  its  method  of 
estimation,  is  described  at  p.  116.  It  forms  a  hard,  white, 
crystalline  mass,  consisting  of  needles,  which  lose  their  water 
in  a  current  of  air  at  100°. 

§  258.  Beer  Bitters. — Beer,  bittered  by  the  hop  alone,  when 
precipitated  by  acetate  of  lead,  filtered,  and  the  excess  of  lead 
removed  by  hydric  sulphide,  gives  a  filtrate  destitute  of  bitter 
taste;  while,  on  the  contrary,  if  it  has  a  bitter  taste,  some 
bitter  other  than  hop  has  been  used.  Whether  such  bitter  is 
an  adulteration  or  not,  will  depend  altogether  on  the  nature  of 
the  substance  added;  for  since  the  repeal  of  the  hop  duty  in 
1862,  and  the  consequent  return  of  the  trade  to  other  bittei'S, 
anything  harmless  in  the  way  of  a  bitter  is  pevfectly  legal.  If. 
however,  such  poisons  as  picric  acid,  picrotoxin,  or  colchicine, 
should  be  found,  there  can  be  no  difference  of  opinion  as  to  the 
course  the  analyst  should  pursue. 

With  regard  to  these,  picric  acid  has  certainly  been  discovered, 
and  picrotoxin  is  strongly  suspected,  but  as  yet  the  latter  lias 
not  been  proved  to  be  a  common  adulterant.  The  so-called 
discovery  of  colchicine  in  beer  appears  to  have  been  throughout 
a  mistake.  A  sample  of  beer  of  unknown  origin  was  found  to 
contain  a  bitter  amorphous  substance,  soluble  in  water  and 
alcohol,  and  capable  of  separation  from  its  acid  watery  solution 
by  either  chloroform  or  ether.  Nitric  acid  of  1"48  dissolved  it 
with  a  fine  reddish  colour,  and  a  mixture  of  nitric  and  sulphuric 
acids  turned  it  rose-red.    H.  Van  Geldern*  finds  that  the  body 

*  Arch.  Pharm.,  3,  ix.  32. 
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which  gives  these  reactions  originates  in  the  hop,  and  that  the 
reactions  are  only  jiroduced  in  the  presence  of  gelatine ;  and 
furthei",  that  a  mixture  of  unadulterated  hops  and  gelatine  gives 
all  the  reactions  of  colchicine.  This  observation  is  quite  as 
important  to  tlie  toxicologist  as  to  the  food  analyst.* 

§  259.  Hops. — Hops  are  the  catkins  of  the  Humulus  lupulus,  and 
consist  of  imbricated  scales  enclosing  the  so-called  nut.  The 
scales  themselves  are  covered  with  aromatic  suiDerficial  glands, 
which  are  designated  "yellow  powder,"  or  lupulin.  Freed  as 
far  as  possible  from  the  lupulinic  grains,  the  scales  consist  of 
astringent  matter,  chlorophyll,  gum,  colouring-matter,  and  ash. 
The  lupulin  itself,  according  to  Dr.  Yves,  contains  the  following 
matters : — 


Volatile  Oil,   ? 

Tannin,   4-16 

Extractive   S-33 

Bitter  principle,         .       .       .       .       .       .  9']6 

Wax,   10-00 

Eesin   30-00 

Lignin,   38-33 

Loss,   -02 


100-00 

Tiiis  analysis  does  not  include  the  oil  of  hops,  which  is  a  very 
important  constituent  of  the  hop,  and  may  be  obtained  by  dis- 
tilling the  fresh  flowers  or  the  lupulin. 

The  resin  and  bitter  principle  of  the  hop  are  to  the  brewer  the 
most  important  constituents,  its  commercial  value  being  directly 
dependent  on  them.  According  to  some  recent  analyses  made 
by  Mr.  Porter,  the  substances  cajiable  of  solution  in  ether  (viz., 
the  oil,  resin,  and  bitter  principle)  vary  in  different  samples 
from  8-8  to  a  li£tle  over  17  per  cent.f 

Lupulite,  or  true  Lupulin  (a  substance  isolated  by  Lermer  in 
1863),  can  be  obtained  in  rhombic  prisms  by  treating  fresh  hops 
witli  four  times  their  weiglit  of  ether,  distilling  the  ether  off, 
then  adding  to  the  extract  alcohol  of  90  per  cent,  (which  leaves 
the  wax  undissolved),  and  again  taking  up  the  alcoholic  extract 
with  ether.  The  ethereal  solution  is  repeatedly  shaken  with 
strong  pota.sh-lye  to  get  rid  of  the  resin,  and  lastly  with  pure 

*  f'hospho-molybdic  acid  gives  a  thick  yellovi  precipitate  with  hipuline. 
On  adding  ammonia,  and  placing  in  a  watch-glass,  tlie  precipitate  becomes 
surrounded  by  a  bhie  zone.  Colchicine  behaves  in  a  simihir  way.  —ZcMschriJ't 
J'iir  Anahjl.  Vheniie,  1880,  p.  ]0(i. 

t  On  the  Examination  of  Hops,  by  W.  E.  Torter,  F.C.S.  Analyst, 
August,  1877;  January,  1878. 
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watei-  to  take  up  the  bitter  matter.  It  is  precipitated  from  the 
aqueous  solution  by  sulphate  of  copper,  the  composition  of  the 
precipitate  being  CjgHggCuO^;  and  crystals  are  obtained  by  dis- 
solving the  precipitate  in  ether,  decomposing  with  SHg,  and 
evaporating  the  ethereal  filtrate  in  a  stream  of  carbonic  acid 
gas. 

A  principle  very  bitter,  but  not  crystalline,  can  also  be  obtained 
by  adding  to  the  aqueous  extract  of  the  lupulin  grains  a  little 
lime,  and  then  treating  with  alcohol.  The  solution  is  to  be 
evaporated,  the  mass  treated  with  water,  and  the  solution  again 
evaporated  to  dryness.  On  washing  this  residue  with  ether,  a 
white  uncrystallisable,  bitter  pi-inciple — soluble  in  20  parts  of 
water,  very  soluble  in  alcohol,  and  but  slightly  so  in  ether — is 
obtained  ;  it  is  probably  a  derivative  of  Lermer's  lujDulite. 

Lermer's  Lu^yulite  crystallises  in  glittering,  rhombic,  brittle 
prisms,  tasteless  in  themselves,  but  with  a  A'ery  bitter  flavour, 
and  an  acid  reaction  when  dissolved  in  alcohol.  They  are 
insoluble  in  water,  but  dissolve  easily  in  alcohol,  ether,  chloro- 
form, bisulphide  of  carbon,  benzole,  and  turpentine ;  'exposed  to 
the  air,  they  soon  become  yellow  and  partly  amorphous. 


TABLE  XXXVIII.— CONSTITUENTS  OF  THE  ASH  OF  HOP  CONES. 


Wat  and  Ogston. 

E.  Watts. 

Bentley 
Variety. 

Golding 
Variety. 

Grape 
Variety. 

Grape 
Variety. 

Potash,  .... 

11-98 

24-88 

25-56 

19-41 

Soda,  .... 

0-70 

Lime,  .... 

17-93 

21-59 

18-47 

14-15 

Magnesia, 
Ahimina, 

5-94 

4-69 

5-27 

5-34 

1-18 

Ferric  Oxide,  . 

i-S6 

1-75 

i-41 

2-71 

Sulphuric  Acid, 

7-01 

7-27 

11-68 

8-28 

Chlorine,        .  . 

2-26 

Silica,  .... 

22-97 

19-71 

9-99 

17-88 

Carhonic  Acid, 

6-44 

2-17 

4-54 

11-01 

Phosphoric  Acid,  . 

21-38 

14-47 

17-58 

14-64 

Chloride  of  Potassium,  . 

5-45 

4-34 

,,  Sodium, 

3-42 

0-12 

Charcoal  and  Loss,  . 

2-44 

Ash  per  cent,  of  Dry  Hops, 
I)       M            Fresh  ,, 

99-96 

8-07 
7-27 

99-95 

5-95 
5-22 

98-96 

7-21 
6-22 

100  00 
6-5 
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The  ash  of  the  hop  differs  but  little  from  the  ashes  of  foliar 
organs  generally,  the  relative  proportion  of  each  constituent 
varying  within  somewhat  wide  limits,  according  to  the  particular 
variety.    (See  accompanying  table.) 

Oil  of  Hops,  according  to  the  researches  of  Wagner,  consists 
chiefly  of  an  oxygen-holding  oil,  CjQHjgO,  containing  in  solution 
a  camphor  boiling  at  175°.  The  specific  gravity  of  the  oil  itself 
is  0-968.  It  begins  to  boil  at  125°,  and  successive  portions  can 
be  separated  by  fractional  distillation,  the  last  passing  over  at 
235°;  one-sixth  distils  over  between  125°  and  175°,  and  is 
of  a  pale  colour  and  quite  clear ;  about  half  passes  over  between 
175°  and  225°,  and  is  also  very  clear  ;  but  the  remainder  is 
yellow,  and  the  residue  in  the  retort  has  the  appearance  of  a 
brown  turpentine. 

The  crude  oil  is  brownish-yellow,  and  very  sparingly  soluble 
in  water,  one  part  requiring  more  than  600  times  its  weight  for 
complete  solution.  It  does  not  contain  sulphui*,  as  previously 
asserted  by  Payen  and  Chevalliei",  nor  does  it  reduce  ammoniacal 
solution  of  silver.  Oxidation  by  nitric  acid  produces  valerianic 
acid  and  a  yellow  acid  resin  ;  if  droj^ped  on  melted  caustic  potash, 
valerianate,  carbonate  of  potash,  and  a  hydrocarbon  are  the 
results.  The  oil  appears  to  be  neither  narcotic  nor  poisonous, 
twenty  drops  having  had  no  action  whatever  on  a  kitten  (W. 
KeiJ);  but  the  wonderful  preservative  properties  ascribed  to  it 
by  older  writers  are  veiy  problematical. 

M.  Issleib  has  recently  made  a  careful  examination  of  the 
bitter  principles  of  the  hop.  His  method  of  separation  was  to 
extract  with  cold  water,  and  then  to  treat  the  cold  extract  with 
animal  charcoal,  exhausting  the  latter  after  drying  with  90  per 
cent,  alcohol.  This  gave  a  yellow  solution,  from  which  a  brown 
resin  was  precipitated  on  concentration,  leaving  in  solution  the 
bitter  principle  and  another  substance  (C).  The  bitter  may  be 
removed  by  ether,  and  is  pale  yellow,  amorphous,  non-nitrogenous, 
and  slightly  acid,  and  is  dissolved  by  alkalies  witli  the  production 
of  a  fine  yellow  colour.  He  ascribes  to  it  the  composition  of 
CgjjH^gOjQ,  and  states  that  it  splits  np  under  the  influence  of 
sulphuric  acid,  thus — 

Bitter  Principle.  Lnpulirotin.  Lupulic  Acid. 

2C29H4«Oio     +     m.j,0      =     ClolTicO,      i-  C4oHgiiO,9 

The  resin  has  the  composition  of  CjoH2,i03^,  and  is  presumed 
to  be  formed  by  the  oxidation  of  oil  of  hops;  lastly,  the  substance 
C  is  considered  to  be  an  oxidation  product  of  the  oil  of  hops,  and 
has  the  composition  of  C^oH^gOo.* 

*  Arch.  Pharm.,  [3],  16,345-303  ;  Journ.  Chem.  Soc,  March,  1881. 
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A  few  other  bitter  principles,  some  of  wliicli  have  actually 
been  found,  and  the  remainder  are  supposed  to  exist,  may  be 
now  conveniently  described.  (For  Picrotoxin  and  Colchicine  the 
reader  is  referred  to  the  second  volume  of  this  work.)* 

§  260.  Ahsynthin,  C4oH280gHO. — The  bitter  principle  of  worm- 
wood, Artemisia  absynthium.  It  may  be  extracted  from  the  hot 
aqueous  extract  of  wormwood  by  precipitation  with  tannic  acid, 
evaporating  the  tannate  to  drj'ness  with  oxide  of  lead,  and 
extracting  the  dried  residue  by  alcohol,  and  subsequent  purifica- 
tion with  animal  cliarcoal.  Absynthin  dissolves  easily  in  alcohol 
and  ether,  with  difficulty  in  hot  water,  and  is  scarcely  soluble  in 
cold.  Wlien  obtained  from  alcoholic  solution  it  is  usually  in  the 
form  of  pale-yellow  drops,  which  gradually  become  crystalline  ;  it 
has  a  peculiar  odour  and  extremely  bitter  taste,  and  its  reaction  is. 
neutral.  It  reduces  a  hot  ammoniacal  solution  of  silver  nitrate, 
but  an  alkaline  tartrate  of  copper  solution  remains  unchanged 
by  it.  It  is  dissolved  by  caustic  potash  with  the  production  of 
a  bi'own  colour.  Concentrated  sulphuric  acid  produces  first  a 
brown  colour,  passing  into  a  green-blue  ;  as  water  is  added,  the 
colour  becomes  darker,  until  grey  ilocculent  particles  are  sepa- 
rated. Boiling  with  dilute  acids  produces  resinous  products, 
but  no  sugar. 

The  bitter  principle,  according  to  some  observers,  is  a  direct 
cerebral  excitant ;  according  to  others,  a  pure  tonic.  It  is  used 
occasionally  in  medicine,  in  doses  from  |  grain  to  2  grains,  andj 
the  herb  producing  it  is  officinal  in  the  Continental  pharma- 
copceias.t 

§261.  Aloin  —  CjqHjsO^  (Tilden),  C^^HjgO-  (Stenhouse),. 
CjgHjgOy  (E.  Schmidt) — may  be  obtained  by  treating  aloes  with 
dilute  sulphuric  acid,  removing  the  deposit  of  resin,  and  eva])or- 
ating  to  a  syrup.  The  crystals  thus  obtained  are  yellow  needles,, 
soluble  in  water  and  alcohol,  and  possessing  a  bitter  taste.  The 
amount  of  crystallisation  water  varies  from  5-89  to  14-29  per 
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cent.  ;  if  anhydrous,  the  melting  point  of  tlie  crystals  is  from  70° 
to  80°  [U6°to  U8°F.]  ;  if  hydrous,  sulphuric  acid  colours  it  first 
red,  then  orange,  and  it  is  dissolved  by  caustic  potash  with  the 
production  of  a  jmrple-red  colour.  The  action  of  nitric  acid  pro  - 
duces chrysammic,  picric,  and  oxalic  acids,  with  the  addition  of 
carbonic  anhydride  ;  that  of  zinc  dust,  methylanthracene  and 
anthraquinone.* 

§  262.  C'nicin,  C^oHjgOj^,  was  discovered  by  Nativelle  in  the 
leaves  of  the  Cnicus  henedictus  ;  it  is  found  also  in  the  Centaurea^ 
calcitrapa,  and  in  other  composite  plants.  It  forms  transparent 
silky  crystals,  neutral,  without  smell,  of  very  bitter  taste,  melt- 
ing at  a  high  tempei'ature,  but  not  subliming.  Its  solution  turns 
the  plane  of  polarisation  to  the  right  [«]  r  =  130°68.  It  is  scarcely 
soluble  in  cold  water,  more  so  in  boiling,  soluble  in  all  proportions 
in  alcohol  and  wood  spirit,  almost  insoluble  in  ether.  Cold 
sulphuric  acid  gives  with  cnicin  a  red  solution,  becoming  violet 
on  the  addition  of  water,  and  yellow  on  the  addition  of  ammonia. 
Cold  concentrated  hydrochloric  acid  dissolves  it  with  the  produc- 
tion of  a  green  colour;  on  heating,  brown  drops  separate,  which 
solidify  into  a  yellow  resin. f 

§  263.  Daplmin,  Cg^HggOjg,  a  crystalline  principle  discovered 
by  Vauquelin,  1817,  in  the  bark  of  the  Daphne  alpina,  L.,  and 
inezereum,  L.  It  forms  long  rectangular  jjrisms,  or  line  needles^ 
and  crystallises  with  four  atoms  of  water.  Its  reaction  is  neutral, 
its  taste  bitter.  "When  anhydrous  it  melts  at  about  200°  to  a 
colourless  fluid,  which  again  becomes  crystalline  on  cooling ;  if 
the  heat  is  continued,  it  sublimes  as  daphnetin,  Cjgllj^Op.  Thi.s 
substance  presents  itself  in  fine,  colourless,  rhombic  prisms,  melt- 
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ing  about  250°  ;  it  lias  a  bitter  taste,  with  a  weak  acid  reaction, 
and  is  easily  soluble  in  boiling  water,  with  the  production  of  a 
yellow  colour  ;  it  dissolves  also  in  boiling  alcohol,  but  is  very 
little  soluble  in  ether. 

Daphnin  dissolves  slightly  in  cold  water,  easily  in  hot ;  it  is 
also  very  soluble  in  hot  alcohol,  but  is  not  dissolved  at  all  by 
ether.  In  solutions  of  the  caustic  and  the  carbonated  alkalies  it 
dissolves  with  the  production  of  a  yellow  colour-  and  is  also  easily 
soluble  in  acetic  acid.  On  boiling  with  a  dilute  acid,  daphnin 
breaks  iip  into  daphnetin  and  sugar,  and  emulsin  and  fermenta- 
tion with  yeast  have  a  similar  eifect.  An  aqueous  solution  of 
chloride  of  iron  produces,  when  cold,  a  blue  colour,  and  if  the 
liquid  is  boiled,  a  dark  yellow  precipitate.  Nitric  acid  colours 
it  red.* 

§  264.  Gentianiii,  C^.^HjoOg,  discovered  by  Henry  and  Caventou 
in  1821,  but  first  prepared  pure  by  Trommsdorff,  is  found,  like 
gentiopicrin,  in  the  root  of  the  Gentiana  lutea,  "L.  It  forms  long, 
pale-yellow,  silky  needles,  without  smell  or  taste,  which  may 
be  sublimed  above  300°  without  decomposition.  Its  solubility, 
according  to  Leconte,  is  as  follows  : — 1  part  requires  of  cold 
water  5000  parts,  of  boiling  3850  parts  ;  of  cold  absolute  alcohol 
455  parts,  of  boiling  62 '5  parts  ;  of  cold  ether  2000  parts, 
for  solution.  Concenti'ated  sulphuric  acid  dissolves  it  with  a 
yellow  colour;  on  dilution  with  water  it  separates  unchanged;  on 
being  boiled  with  dilute  sulphuric  acid  there  is  no  change.  If 
treated  with  pure  nitric  acid  (143  specific  gravity),  a  dark-green 
solution  is  obtained,  and  on  adding  water  carefully  dinitro- 
gentianin,  Cj^Hg(N02)20g  +  HgO  separates  out  as  a  green  powder. 
If  similarly  treated  with  strong  nitric  acid,  and  subsequent  addi- 
tion of  water  to  the  solution,  yellow  microscopical  jjrisms  are 
separated,  probably  trinitro-gerdianin.  Gentianin  reduces  nitrate 
of  silver. f 

§  265.  Gentiopicrin,  C.joHgoOj^j'  ^'^^^  prepared  pure  by  Kromayer 
in  1862,  is  a  glucoside  found  in  the  fresh  root  of  the  Gentiana 
lutea.    It  crystallises  in  colourless  needles,  with  one  atom  of  water 
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of  crystallisation.  The  crystals  effloresce  in  the  air,  and  lose 
their  transparency,  becoming  white  and  opaque.  The  anhydrous 
crystals  melt  between  120°  and  125°  to  a  brown  fluid,  which 
coagulates  amorphously,  and  at  higher  temperatures  is  fully 
destroyed.  Water  dissolves  it  easily,  but  it  is  insoluble  in 
absolute  alcohol  and  in  etlier,  though,  on  the  other  hand,  weak 
alcohol  is  an  excellent  solvent  for  it.  One  of  the  best  tests  for 
its  presence  is  the  action  of  concentrated  sulphuric  acid,  giving 
in  the  cold  a  colourless  solution,  but  producing  with  slight  warm- 
ing a  carmine-red  colour,  and  precijjitating  ou  the  addition  of 
water  in  grey  flocks.  It  reduces  an  ammoniacal  solution  of  silver 
nitrate,  and  in  boiling  with  dilute  sulphuric  acid  splits  up  into 
sugar  and  gentiogenin. 

Gentiogenin,  Cj^HjgOg,  is  an  amorphous,  yellow-brown  powder, 
of  neutral  reaction  and  bitter  taste,  not  easily  soluble  in  cold 
water,  but  dissolving  readily  in  alcohol  and  ether.* 

§  266.  Menyanthin,  CggH^gO^,  a  glucoside  obtained  pui'e  by 
Ludwig  and  Kroraayerin  1861,  from  the  Menyanthes  trifoliata,  L. 
As  hitherto  prepared,  menyanthin  is  an  amorphous,  terebin- 
thinate  mass,  becoming  slowly  solid  on  drying  over  sulphuric 
acid.  It  has  a  neutral  reaction,  and  its  taste  is  strongly  and 
purely  bitter.  It  softens  at  60°  to  65°,  and  melts  at  10°  to  15° 
to  a  thin,  clear  fluid,  which  again  solidifies  to  a  hard  transparent 
mass ;  by  stronger  heating  it  is  entirely  destroyed.  Concen- 
trated sulpliuric  acid  gives  with  it  a  yellow-brown  colour,  which 
on  standing  becomes  violet-red,  and  grey  flocks  are  separated  on 
the  addition  of  water.  By  heating  with  dilute  sulphuric  acid  it 
splits  up  into  sugar  and  menyanthol. 

Menyanthol  is  an  oil  having  an  acid  reaction,  and  an  odour 
like  that  of  oil  of  almonds ;  it  is  changed  by  the  air  (as  well  as 
by  melting  with  potash)  into  a  crystalline  acid  capable  of  being 
sublimed. t 

§  267.  Quassiin,  a  bitter  principle,  discovered  in  1835 

by  Winckler,  in  the  bark  of  the  Quassia  amara,  L.,  and  Picraina 
excelsa,  L.  It  forms  white,  opaque,  glittering  crystals,  without 
odour,  and  of  extremely  bitter  taste.  On  heating,  it  melts  and 
solidifies  as  a  transparent  yellow  mass  ;  at  decomposition  tem- 
peratures it  burns  like  resin,  if  exposed  to  the  air.  Tannic  acid 
precipitates  it  from  an  alcoholic  solution  in  thick,  white  flocks; 

*  Biblior/raphy. 

PIuHEMANN.  — "Die  Pflauzenstodc." 
Kromayer.— ylrcA.  Pkarm.  [2],  ex.  27. 
t  HuSKMANN.— Die  PflanzcnatofTe.    Berlin,  1871. 
Kromayer.— ^Irc/t.  Pharm.  [2],  cxxiv.  .37. 
Ludwig  and  Kromayer.— ylrcA.  Pharm.  [2],  cviii.  203. 


412 


FOODS  :  TUKIR  COMPOSITION  AND  ANALYSIS.         [§  2G8. 


cold  concentrated  sulphuric  acid  dissolves  it,  without  the  pro- 
duction of  colour ;  and  on  dilution  with  water  it  is  appai'ently 
precipitated  without  change." 

§  268.  TJie  Ash  of  Beer. — The  ash  of  beer  contains  the  mineral 
constituents  that  i^reviously  existed  partly  in  the  water,  partly 
in  the  hop,  and  partly  in  the  malt  tised.  It  would  appear  that 
the  ferric  oxide,  a  certain  proportion  of  phosphoric  acid,  a  small 
portion  of  the  lime  and  magnesia,  with  a  great  part  of  the  silica, 
remain  undissolved,  and  do  not  pass  into  the  beer ;  the  rest 
are  dissolved. 

The  following  table  gives  the  average  composition  of  the  beer 
ash  of  commerce  :  — 

Beer  Asli. 


Potash,   37-22 

Soda,  S-04 

Lime,  1-93 

Magnesia,  .       .       .       .       .       .       .       .        5 '51 

Iron  oxide,        .......  traces 

Sulphuric  acid,  .......         1  -44 

Phosphoric  aciil,        .       .       .       .       .        .  32 '09 

Chlorine  2  91 

Silica,   10  82 


The  table  on  next  page  may  be  also  useful,  showing  analyses 
of  asli  by  Walz  and  Dickson  ("  Dictionary  of  Chemistry,  Arts, 
and  Manufactures,"  edited  by  Vincent). 

§  269.  Anahjsis  of  Beer. — The  ordinary  full  analysis  of  beer 
determines — 

(1.)  The  alcohol. 

(2.)  The  carbonic  acid. 

(3.)  The  volatile  and  fixed  acids. 

(4.)  The  percentage  of  malt  extract,  and,  if  necessary,  its  com- 
position. 
(5.)  The  hop  resin  and  glycerine. 
(6.)  The  nature  of  the  bitter  used. 

(7.)  The  general  composition  of  the  ash,  and  especially  its 
chlorides. 

(1.)  The  alcohol  is  found  most  accurately  by  the  distillation 
process  described  at  ]).  373,  but  it  is  often  determined  in  the 
following  manner  : — Shake  up  the  beer  in  a  flask,  so  as  to 
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London  Porter, 
5  Samples. 

1— 1                   05        <N        CI        »p  t"^ 

CO         »0  *— 1          ^  r- i  CI 

1   1   1   1   1   1   1  1 

C5      CO      CO      -H      o      >o      Ol  M 
lOO-^tOCOO 

Dublin  Porter, 
2  Samples. 

O                         d  O 

CI      C)                        O      O      C5  o 
CO       tJH  1— (  1— c  C) 

1          1         1         1          1          1          1  1 

-t<OCO(MCOOC5C3 

— •       rfH       O      O       C)       O  ^ 
CM  CI 

Scotch  Porter, 
2  Samples. 
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CI       CO  1 

1   1   1   1   1   1   1  1 

C3      00      CO       CI       CI                CO  CI 
C<3      CO  1— 1      O       CI                00  CI 

i-H          CO  1— 1  F— < 

Scotch  Ale, 
14  Samples. 

CO                C       «0       CI       CI         1  I— 

C5       CO       CI      O       O       CO      C5  lO 
CI        CO                              r-H        ^        rH  CI 

.!    1    1    1    1     1     1  1 

CI      O      CI              cp      CO      cp  p 

coooOl— iTt<Ti<'i 

CI 

©  O 

COOCOCOOT)<cnC5 
«p      ip      O      cp       ip       .-1  CI 

o     CI     Tti     CI     CI     o  CO 

CO                                                     ^  CO 

o 
o 

o 
o 

Munich 
Beer. 

cococo-*aDTticrc3 

ip        CO        -t<        «p        tp        .-H        C5  'p 
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414 


POODS  :  THEIK  COMPOSITION  AND  ANALYSIS. 


[§  269. 


deprive  it  of  as  much  carbonic  acid  as  possible,  tlien  take  the 
specific  gravity  at  15°-5,  and  boil  a  third  of  the  beer  away  in 
an  open  beaker.  To  make  xi\y  the  boiled  beer  to  exactly  the 
original  quality  again,  take  the  specific  gravity,  and  calculate 
as  described  at  p.  379. 

(2.)  The  carbonic  acid  which  the  beer  holds  dissolved  is  most 
readily  estimated  by  placing  100  cc.  (or  any  convenient  quantity) 
in  a  flask  in  connection  with  the  Fox-Lane  mercury  pump 
described  at  p.  72;  collecting  the  gases,  and  estimating  the  carbon 
dioxide  in  the  usual  way  by  absorbing  it  by  caustic  potash,  and 
measuring  the  volume  of  gas  before  and  after  absorption.  Another 
method  is  as  follows  : — A  flask  provided  with  a  caoutchouc 
stopper,  and  carrying  a  tube  twice  bent  at  right  angles,  is  con- 
nected with  a  smaller  flask,  containing  strong  ammonia  water, 
into  which  the  tube  dips.  This  second  flask  must  also  carry  a 
caoutchouc  stopper,  which  should  be  doubly  perforated,  the  one 
hole  for  the  tube  already  mentioned,  the  other  provided  with  a 
short,  wide  tube,  packed  with  glass  wool  moistened  with  am- 
monia water.  The  beer  must  first  be  gently  warmed  and 
ultimately  boiled,  when  the  whole  of  the  cai-bonic  acid  is  ab- 
sorbed by  the  ammonia.  A  suflicient  quantity  of  a  solution  of 
calcium  chloride  is  now  added,  the  liquid  boiled  until  all  free 
ammonia  is  expelled,  and  the  calcium  carbonate  thrown  on  a 
filter  and  washed.  Lastly,  the  washed  calcium  carbonate  is  dis- 
solved in  either  standard  or  decinormal  acid,  according  to  the 
quantity,  a  little  cochineal  solution  is  added,  and  the  acid 
titrated  back.  2  cc.  of  decinormal  acid  equal  10  mgrms.  of  car- 
bonate of  lime,  or  4*4  mgrms.  of  CO,.  This  simple  process  is 
ai)plicable  to  all  liquids  from  which  carbonic  anhydride  can  be 
expelled  by  boiling. 

(3.)  Volatile  and  Fixed  Acids. — The  acetic  acid  is  obtained  by 
distilling  the  beer  nearly  to  dryness,  and  estimating  the  acidity  of 
the  filtrate  by  decinormal  solution  of  soda.  Should  the  I'esidue  in 
the  flask  or  retort  be  still  acid,  a  little  water  should  be  added, 
and  the  distillation  again  continued  to  dryness ;  any  acid  now 
remaining  is  certain  to  be  a  fixed  acid,  probablj'-  lactic.  It  may 
be  estimated  bj''  titration,  and  returned  as  lactic.  The  equiva- 
lent of  anhydrous  lactic  acid  is  90  ;  hence  1  cc.  of  d.  n.  soda  =  9 
mgrms.  of  lactic  acid.  Should  it  bo  specially  necessary  to  deter- 
mine the  percentage  of  lactic  acid,  a  suflicient  quantity  of  beer — 
say  300  cc. — is  taken,  evaporated  to  a  small  bulk,  diluted  with 
water,  filtered,  and  mixed  with  a  little  sulphuric  acid ;  pure 
carbonate  of  baryta  is  now  added,  and  the  whole  warmed 
on  the  water-bath  for  some  time.  The  liquid  is  then  freed  from 
the  precipitate  of  sulphate  of  baryta  by  filtration,  and  the  pre- 
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cipitate  well  washed  with  hot  water.  This  filtrate  is  evaporated 
to  a  syrup,  and  treated,  when  cold,  in  a  tube  or  separating- 
funnel  with  a  mixtiire  of  one  part  of  sulphuric  acid,  one  of 
water,  one  of  alcohol,  and  ten  of  ether ;  the  ethereal  layer  is 
separated  in  the  usual  way,  and  evaporated.  The  lactic  acid 
thus  obtained  is  still  impure,  and  it  is  best  to  dissolve  in  water, 
saturate  with  freshly-precipitated  carbonate  of  zinc,  and  estimate 
as  zinc  lactate,  the  latter  containing  54:'49  per  cent,  of  anhydrous 
lactic  acid.  In  most  cases,  however,  the  error  will  not  be  great, 
if  the  totaj  acidity  of  the  beer  is  taken  directly  without  distilla- 
tion, and  returned  as  acetic  acid. 

(4.)  The  Malt  Extract. — The  extract  of  beer  can  be  determined 
by  evapoi'ating  down  a  carefully  measured  quantity,  and  weigh- 
ing the  dry  residue.  In  order  to  do  this  with  any  approach  to 
accuracy,  the  smallest  possible  quantity  should  be  taken — 5  cc. 
or  5  grms.  is  quite  sufficient.  This  small  quantity,  spread  out 
as  a  thin  film  on  the  bottom  of  a  tolerably  capacious  platinum 
dish,  can  be  thoroughly  dried  over  the  water-bath  in  two  or 
three  hours,  while  if  such  quantities  as  25  cc,  50  cc,  or  100  cc. 
are  taken,  to  get  the  extract  completely  dry  is  very  tedious, 
and  usually  requires  a  higher  temperature  than  100°.  It  is, 
however,  found  in  practice  much  more  convenient  to  dispense 
with  this  drying  altogether,  the  alcohol  and  carbonic  acid  being 
driven  off,  as  before  desci-ibed,  the  beer  made  up  to  its  first 
bulk,  the  specific  gravity  taken,  and  the  amount  of  malt  extract 
determined  by  the  aid  of  the  following  tables.  If  the  beer  has 
been  distilled,  the  residue  in  the  retort  or  flask  can  be  made  up 
to  the  original  bulk,  brought  to  the  proper  temperature,  and 
treated  as  ju.st  described. 

The  alcoholic  sti-ength,  the  acetic  acid,  and  the  amount  of 
malt  extract  being  known,  the  analyst  can  now  give  a  fairly 
approximate  estimate  of  the  amount  of  malt  originally  used  in 
the  brewing  of  the  beer.  To  do  this  it  is  necessary  to  calculate 
the  "  original  gravity  "  of  the  beer.  The  specific  gravity  of  the 
alcoholic  distillate  (or,  if  an  indirect  process  has  been  used,  the 
specific  gravity  of  the  alcoholic  strength)  subtracted  from  1000, 
gives  a  number  called  the  "  spirit  indication."  The  degrees  of 
gravity  lost  are  then  ascertained  by  the  aid  of  the  following 
tables,  using  the  first  if  the  beer  has  been  distilled,  and  the 
second  if  the  evaporating  process  has  been  used.  The  degrees 
of  gravity  tlius  found  are  added  to  the  specific  gravity  of  the 
boiled  beer,  and  the  number  thus  obtained  is  called  "  the  original 
gravity  of  tlio  wort."  On  reference  to  Tabic  XL.,  the  amount  of 
malt  extract  is  determined,  which  corresponds  to  this  original 
gravity. 
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TABLE  XL.— Specific  Gravity  and  Strength  of  Malt  Extract. 


Specific 

npn  VI  tv 

1  Cv  V  1  i^jf  • 

Malt 
Extract. 

Specific 
Gravity. 

Malt 
Extract, 

Specinc 
Gravity. 

Extract. 

opecinc 
Gravity. 

AT  .lit 

Extract. 

0  000 

1,0047 

1,175 

1,0094 

2,350 

1,0141 

3,525 

1  0001 

025 

'  48 

200 

95 

375 

142 

550 

2 

050 

49 

225 

96 

400 

143 

575 

3 

075 

1,0050 

250 

97 

425 

144 

600 

4 

100 

51 

275 

98 

450 

145 

625 

5 

125 

52 

300 

99 

475 

146 

650 

6 

150 

53 

325 

1,0100 

500 

147 

675 

7 

175 

54 

350 

101 

525 

148 

700 

8 

200 

55 

375 

102 

550 

149 

725 

9 

225 

56 

400 

103 

575 

1,0150 

750 

1,0010 

250 

57 

425 

104 

600 

151 

775 

11 

275 

58 

450 

105 

625 

152 

800 

12 

300 

59 

475 

106 

650 

153 

825 

13 

325 

1,0060 

500 

107 

675 

154 

850 

14 

350 

61 

525 

108 

700 

155 

875 

15 

375 

62 

550 

109 

725 

156 

900 

16 

400 

63 

575 

1,0110 

750 

157 

925 

17 

425 

64 

600 

111 

775 

158 

950 

18 

450 

65 

625 

112 

800 

159 

975 

19 

475 

66 

650 

113 

825 

1,0160 

4,000 

1,0020 

500 

67 

675 

114 

850 

161 

025 

21 

525 

68 

700 

115 

875 

162 

050 

22 

550 

69 

725 

116 

EOO 

163 

075 

23 

575 

1,0070 

750 

117 

925 

164 

100 

24 

600 

71 

775 

118 

950 

165 

125 

25 

625 

72 

800 

119 

975 

166 

150 

26 

650 

73 

825 

1,0120 

3,000 

167 

175 

27 

675 

74 

850 

121 

025 

168 

200 

28 

700 

75 

875 

122 

050 

169 

225 

29 

725 

76 

900 

123 

075 

1,0170 

250 

1,0030 

750 

77 

925 

124 

100 

171 

275 

31 

775 

78 

950 

125 

125 

172 

300 

32 

800 

79 

975 

126 

150 

173 

325 

33 

825 

1  OOSO 

2,000 

127 

175 

174 

350 

34 

850 

81 

025 

128 

200 

175 

375 

35 

875 

82 

050 

129 

225 

176 

400 

36 

900 

83 

075 

1,0130 

250 

177 

425 

37 

925 

84 

100 

131 

275 

178 

450 

38 

950 

85 

125 

132 

300 

179 

475 

39 

■  975 

86 

150 

133 

325 

1,0180 

500 

1,0040 

1,000 

87 

175 

134 

350 

181 

525 

41 

025 

88 

200 

135 

375 

182 

550 

42 

050 

89 

225 

136 

400 

183 

575 

43 

075 

1,0090 

250 

137 

425 

184 

600 

44 

100 

91 

275 

138 

450 

185 

625 

45 

125 

92 

300 

139 

475 

186 

650 

4G 

150 

93 

325 

1,0140 

500 

187 

675 
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TABLE  XL.— Continued. 


Specific 

Malt 

SpQciflc 
Grayity. 

Malt 

Specific 

Malt 

SpBCiiic 

Malt 

Gravity. 

Extract 

Extract. 

Gravity. 

Extract. 

Gravity. 

Extract. 

1,01S8 

4,700 

1,0235 

5,875 

1,0282 

7,024 

1,0329 

8,170 

189 

725 

236 

900 

283 

048 

1,0330 

195 

1,0190 

750 

237 

925 

284 

073 

331 

219 

191 

775 

238 

950 

285 

097 

332 

244 

192 

800 

239 

975 

286 

122 

333 

260 

193 

825 

1,0240 

6,000 

287 

146 

334 

292 

194 

850 

241 

024 

288 

170 

335 

316 

195 

875 

242 

048 

289 

195 

336 

341 

196 

900 

243 

073 

1,0290 

219 

337 

365 

197 

925 

244 

097 

291 

244 

338 

389 

198 

950 

245 

122 

292 

268 

339 

413 

199 

975 

246 

146 

293 

292 

1,0340 

438 

1,0200 

5,000 

247 

170 

294 

316 

341 

463 

201 

025 

248 

195 

295 

341 

342 

488 

202 

050 

249 

219 

296 

365 

343 

512 

203 

075 

1,0250 

244 

297 

389 

344 

536 

204 

100 

251 

268 

298 

413 

345 

560 

205 

125 

252 

292 

299 

438 

346 

584 

206 

150 

253 

316 

1,0300 

463 

347 

609 

207 

175 

254 

341 

301 

488 

348 

633 

203 

200 

255 

365 

302 

512 

349 

657 

209 

225 

256 

389 

303 

536 

1,0350 

681 

1,0210 

250 

257 

413 

304 

560 

351 

706 

211 

275 

258 

438 

305 

584 

352 

731 

212 

300 

259 

463 

306 

609 

353 

756 

213 

325 

1,0260 

488 

307 

633 

354 

780 

214 

350 

261 

512 

308 

657 

355 

804 

215 

375 

262 

536 

309 

68 1 

356 

028 

216 

400 

263 

560 

1,0310 

706 

357 

853 

217 

425 

264 

584 

311 

731 

358 

S77 

218 

450 

265 

609 

312 

756 

359 

901 

219 

475 

266 

633 

313 

780 

1,0360 

925 

1,0220 

500 

267 

657 

314 

804 

361 

950 

221 

525 

268 

681 

315 

828 

362 

975 

222 

550 

269 

700 

316 

853 

363 

9,000 

223 

575 

1,0270 

731 

317 

877 

364 

024 

224 

600 

271 

756 

318 

901 

365 

048 

225 

G25 

272 

780 

319 

925 

366 

073 

226 

650 

273 

804 

1,0320 

950 

.36T 

097 

227 

675 

274 

828 

.321 

975 

368 

122 

228 

700 

275 

853 

322 

8,000 

369 

146 

990 

i  zo 

Z/D 

877 

323 

024 

1,0370 

170 

1,0230 

750 

277 

901 

324 

048 

371 

195 

231 

775 

278 

925 

325 

073 

372 

219 

232 

800 

279 

950 

.326 

097 

373 

244 

233 

825 

1,0280 

975 

327 

122 

374 

268 

234 

850 

281 

7,000 

328 

146 

375 

292 

28 
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Speoiflo 
Gravity. 

Malt 
Extract. 

Specific 
Gravity. 

Malt 
Extract. 

Specific 
Gravity. 

Malt 
Extract. 

Specific 
Gravity. 

Malt 
Extract 

1,0376 

9,316 

1,0423 

10,452 

1,0470 

11,671 

1,0517 

12,690 

377 

341 

424 

476 

471 

595 

618 

714 

378 

365 

425 

500 

472 

619 

519 

738 

379 

389 

426 

523 

473 

642 

1,0520 

761 

1,0380 

413 

427 

547 

474 

666 

521 

785 

381 

438 

428 

571 

475 

690 

522 

809 

382 

463 

429 

595 

476 

714 

523 

833 

383 

488 

1,0430 

619 

477 

738 

524 

857 

384 

512 

431 

642 

478 

761 

525 

881 

385 

536 

432 

666 

479 

785 

526 

904 

386 

560 

433 

690 

1,0480 

809 

627 

928 

387 

684 

434 

714 

481 

833 

528 

952 

388 

609 

435 

738 

482 

857 

529 

976 

389 

633 

436 

761 

483 

881 

1,0530 

13,000 

1,0390 

657 

437 

785 

484 

904 

531 

023 

391 

681 

438 

809 

485 

928 

532 

047 

392 

706 

439 

833 

486 

962 

633 

071 

393 

731 

1,0440 

857 

487 

986 

634 

095 

394 

756 

441 

881 

488 

12,000 

635 

119 

395 

780 

442 

904 

489 

023 

536 

142 

396 

804 

443 

928 

1,0490 

047 

537 

166 

397 

828 

444 

952 

491 

071 

538 

190 

398 

853 

445 

976 

492 

095 

539 

214 

399 

877 

446 

11,000 

493 

119 

1,0540 

238 

1,0400 

901 

447 

023 

494 

142 

541 

261 

401 

925 

448 

047 

495 

166 

542 

285 

402 

950 

449 

071 

496 

190 

543 

309 

403 

975 

1,0450 

095 

497 

214 

544 

333 

404 

10,000 

451 

119 

498 

238 

545 

357 

405 

023 

452 

142 

499 

261 

546 

381 

406 

047 

453 

166 

1,0500 

286 

547 

405 

407 

071 

454 

190 

501 

309 

548 

428 

408 

095 

455 

214 

602 

333 

549 

452 

409 

119 

456 

238 

503 

357 

1,0550 

476 

1,0410 

142 

457 

261 

604 

381 

651 

500 

411 

166 

458 

285 

605 

404 

552 

523 

412 

190 

459 

309 

606 

428 

663 

547 

413 

214 

1,0460 

333 

607 

452 

654 

571 

414 

*  238 

461 

357 

608 

476 

565 

595 

415 

261 

462 

381 

609 

600 

566 

619 

O-i.i 

00 1 

417 

309 

464 

428 

611 

547 

658 

666 

418 

333 

465 

452 

612 

571 

559 

690 

419 

357 

466 

476 

513 

595 

1,0560 

714 

1,0420 

381 

467 

500 

514 

619 

661 

738 

421 

404 

468 

523 

515 

642 

562 

761 

422 

428 

469 

547 

516 

666 

563 

785 
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Specific 

Iifalt 

Specific 

Malt 

Specific 

Malt 

Specific 

Malt 

Gravity. 

Extract 

G  ravity. 

Extract. 

Gravity. 

Extract 

Gravity. 

Extract 

1,0564 

13,809 

1,0604 

14,761 

1,0643 

15,674 

1.0682 

16,581 

565 

833 

605 

785 

644 

697 

683 

604 

566 

857 

606 

809 

645 

721 

684 

627 

567 

881 

607 

833 

646 

744 

685 

650 

568 

904 

608 

857 

647 

767 

686 

674 

569 

928 

609 

881 

648 

790 

687 

697 

1,0570 

952 

1,0610 

904 

649 

814 

688 

721 

571 

976 

611 

928 

1,0650 

837 

689 

744 

572 

14,000 

612 

952 

651 

860 

1 1,0690 

767 

573 

023 

613 

976 

652 

883 

691 

790 

574 

047 

614 

15,000 
023 

653 

907 

692 

814 

575 

071 

615 

654 

930 

693 

837 

576 

095 

616 

046 

655 

953 

694 

860 

577 

119 

617 

070 

656 

976 

695 

883 

578 

142 

618 

093 

657 

16,000 

696 

907 

579 

166 

619 

116 

658 

023 

697 

930 

1,0580 

190 

1,0620 

139 

659 

046 

698 

953 

581 

214 

621 

162 

1,0660 

070 

699 

976 

582 

238 

622 

186 

661 

093 

1,0700 

17,000 

583 

261 

623 

209 

662 

116 

701 

022 

584 

285 

624 

232 

663 

139 

702 

045 

585 

309 

625 

255 

664 

162 

703 

067 

586 

333 

626 

278 

665 

186 

704 

090 

587 

357 

627 

302 

666 

209 

705 

113 

588 

381 

628 

325 

667 

232 

706 

136 

589 

404 

629 

348 

668 

255 

707 

158 

1,0590 

428 

1,0630 

371 

669 

278 

70S 

181 

591 

452 

631 

395 

1,0670 

302 

709 

204 

592 

476 

632 

418 

671 

325 

1,0710 

227 

593 

500 

633 

441 

672 

348 

711 

250 

594 

523 

634 

464 

673 

371 

712 

272 

595 

547 

635 

488 

674 

395 

713 

295 

596 

571 

636 

511 

675 

418 

714 

318 

597 

595 

637 

534 

676 

441 

715 

340 

598 

619 

638 

557 

677 

464 

716 

363 

599 

642 

639 

581 

678 

488 

717 

386 

l,0(i00 

666 

1,0640 

604 

679 

511 

718 

409 

601 

690 

641 

627 

1,0680 

534 

719 

431 

602 

714 

642 

650 

681 

557 

1,0720 

17,454 

603 

738 

420 
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From  the  malt  extract  the  amount  of  malt  used  is  calculated, 
32-0  of  malt  equalling  21-0  of  extract;  or,  instead  of  referring 
to  the  malt  extract  tables,  1000  may  be  subtracted  from  the 
original  graA'ity,  and  the  remainder  multiplied  by  '0028,  which 
will  equal  the  total  amount  of  malt  extract  per  gallon  in  pounds 


weight. 

Examples. 
(1.)  An  ordinary  Mild  Ale. 

1000  0 

Specific  gravity  of  alcoliolic  distillate      .     =        993 '6 
Spirit  indication, ....  6  "4 

This  spirit  indication,  on  reference  to  Table  XLI.,  equals  26'0 

Gravity  of  boiled  beer,  =  1"014'2 

Add  26-0 

Original  gravity,  ....  1"040'2 

Now,  in  reference  to  Table  XL.,  1*0402  correspond  to  9"950  parts 
of  extract  in  100,  or  -9950  lbs.  per  gallon. 

Or,  if  from  the  original  gravity,       ...       1  '0402 
Be  subtracted,  1  -000 

And  the  number  obtained       .       .       .       .  402 

Be  multiplied  by  -0025 

The  product  equals  1  "005 


which  does  not  materially  differ  from  the  amount  obtained  from 
the  tables. 

(2.)  A  beer,  by  the  evaporation  process,  indicated  8-5  per  cent, 
of  alcohol.  On  reference  to  the  specific  gravity  table  (Table 
XXXIII.),  p.  371,  the  specific  gravity  corresponding  to  this 
strength  is  -9896. 

1000-0 
989-6 

Spirit  indication,        .       .      .    =  10*4 

This,  according  to  Table  XLII.,  corresponds  to  47*1; 

The  gravity  of  the  boiled  beer  was  .  .  .  1016-2 
Add   47-1 

Original  gravity  .       .       .       .  1063-3 
corresponding,  according  to  Table  XL.,  to  1-5441  lbs.  of  malt 
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extract  to  the  gallon.  The  amount  of  malt  used  in  the  two 
examples  is  found  thus — 

(1.)     -9950  X  320  ^  J  .gjg  j^^j^  ^j^g 

210  ^ 

(2.)    1-5441  X  320  ^  2-3526  lbs.  of  malt  to  the  gaUon. 
210  ° 

If  the  beer  should  have  a  somewhat  large  proportion  of  acetic 
acid  (as  in  old  and  hard  beers),  it  will  be  necessary  to  take  into 
account  the  loss  of  gravity  by  acetic  acid.  This  complicates  the 
calculation,  and  is  only  occasionally  required. 

The  loss  of  gravity  by  acetic  acid  is  obtained  by  the  use  of 
Table  XLIII.  Let  iis  suppose  -36  per  cent,  of  acetic  acid  to  have 
been  found  in  Example  1 ;  from  this  subtract  -10  per  cent.,  the 
amount  which  may  be  taken  as  incidental  to  healthy  fermentation, 
and  allowed  for  in  the  table.  Thus, 

Total  acetic  acid  present,  .....  '36 
Deduct  -10 

Acetic  acid  to  be  taken  account  of,     .       .       .  "26 

This  •26,  according  to  the  table,  equals  '34,  the  number  to  be 
added  to  the  spiiit  indication. 

Spirit  indication  from  alcohol,    .       .       .       .       6 '4 
,,       from  acetic  acid,       .       .       .  '34: 

Total  spirit  indication,   .       .       .       6 '74 

The  rest  of  the  calculation  is  as  before. 

It  may  be  desii-able  to  examine  the  malt  extract  further,  and 
specially  with  a  view  to  ascertaining  whether  grape  sugar  has 
been  used  in  place  of  malt  or  not.  This  may  be  done,  according 
to  Haarstick,  by  taking  advantage  of  the  fact  that  most,  perhaps 
all,  of  the  gi-ape  sugars  of  commerce  contain  Bechamp's  amylin, 
a  substance  of  great  rotatory  power,  and  one,  moreover,  not 
destroyed  by  fei-mentation. 

The  samples  of  beer  were  examined  by  Haarstick  as  follows : — 
1  litre  of  beer  was  evaporated  to  a  syrup,  to  which  alcohol  of 
90  per  cent,  was  added,  drop  by  drop,  from  a  bqrette  with  con- 
stant agitation,  until  a  volume  of  about  300  cc.  had  been  used. 
The  separation  of  dextrine  was  completed  with  95  per  cent, 
alcohol,  until  tlie  filtrate  did  not  show  the  least  turbidity  when 
mixed  -with  an  equal  bulk  of  95  per  cent,  alcohol.    The  mixture 
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was  then  left  at  rest  for  twelve  hours,  filtered,  and  the  greater 
part  of  the  alcohol  distilled  off.  The  remainder  was  evaporated  to 
dryness  on  a  water-bath,  the  solid  portion  dissolved  in  distilled 
water,  and  the  solution  diluted  to  a  litre,  and  fermented  with 
yeast  at  20°,  until  all  the  sugar  had  been  destroyed.  The 
fermentation  was  completed  on  the  fourth  day,  and  the  result 
of  the  process  was,  that  beers  prepared  without  grape  sugar  gave 
a  solution  of  no  rotatory  power,  while  those  prepared  with  grape 
sugar  turned  the  plane  of  polarisation  2°'0  to  3°  4  to  the  right,  as 
obsei-ved  in  Hoppe's  scale. 

(5.)  The  Hop  Resin  and  Glycerine. — Griessmayer*  estimates  the 
hop  resin  and  glycerine  by  concentrating  the  beer  to  one-third  of 
its  bulk,  and  shaking  it  i;p  with  petroleum  ether;  this,  on 
separation  and  evaporation,  leaves  the  hop  resin.  The  liquid, 
now  freed  from  hop  constituents,  is  made  alkaline  by  baryta, 
water,  or,  better,  by  barium  alcoholate,  and  shaken  up  several 
times  with  a  mixture  of  two  parts  of  alcohol  and  three  of  ether; 
the  latter,  on  being  separated  and  evaporated  in  the  usual  way, 
leaves  the  glycerine. 

Clausnizerf  gives,  as  the  resvilt  of  his  elaborate  experiments 
on  the  various  processes  for  the  estimation  of  glycerine,  the 
following  method,  which  would  appear  to  be  the  best  hitherto 
published:  50  cc.  of  beer  are  warmed  on  the  water  bath  to  get 
rid  of  COg,  and  then  mixed  with  3  grms.  of  hydrate  of  lime  and 
evaporated  to  a  syrup;  10  grms.  of  powdered  marble  are  then 
added,  the  mass  frequently  stirred,  and  the  whole  dried  on  the 
water-bath.  The  dish  with  its  contents  is  now  weighed,  and  an 
aliquot  part  (about  two-fifths  to  three-quarters)  put  in  the 
extraction  apparatus  figured  at  p.  68,  and  exhausted  with  20  cc. 
of  alcohol  of  80  to  90  per  cent.  The  alcoholic  extract  (now  about 
15  cc.)  is  mixed  with  25  cc.  of  anhydrous  ethei-,  the  precipitate 
separated,  and  the  ether-alcohol  received  into  a  weighed  fiask, 
the  precipitate  also  being  washed  with  alcohol-ether  [2  :  3.] 
The  almost  colourless  filtrate  is  freed  from  alcohol  and  ether 
by  very  slow  evaporation.  Lastly  the  glycerine  is  dried  at 
100°  until  in  two  hours  no  more  than  2  mgrms.  are  lost. 

mi  •  • 

This  process  will  take  from  two  to  four  hours  for  normal  beer, 
from  four  to  six  for  beer  to  which  glycei-ine  has  been  added.  It 
may  be  well  to  burn  up  the  glycerine  and  subtract  the  ash  found. 
Clausnizer  gives  the  percentage  of  glycerine  in  common  German 
beers  as  follows : — 

*  DfAd.  Chcm.  Oe.s.  Bc.r.,  xi.  2fl2,  29.3. 

+  Clausnizer  F. :  Zur  Glyucrino  liestimmung  in  Bier.  Zeilsclmft  fur 
Analjjtische  Ghem.,  xx.  80. 


426  FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.        [§  2G9. 


Alcohol. 


Extract  Glycerine. 


Rhine  beer,  . 
Bavarian  beer, 


Wagening's  Bockbier, 
,,       Beer,  . 


31 
3  0 

2-  8 
4-4 

3-  7 


6-4  -208 

5-2  -206 

3-  9  -237 
6  0  -220 

4-  5  -264 


(6.)  The  Nature  of  the  Bitter  used. — This  is  the  most  difficult 
part  of  the  investigation,  and  I'equires  a  very  considerable  amount 
of  practical  knowledge.  Occasionally,  if  the  beer  is  put  in  the 
tube  figured  at  p.  397,  small  fragments  of  quassia,  calumba,  and 
similar  substances  will  be  observed  to  sink  to  the  bottom  as  a 
sediment,  and  may  be  detected  microscopically;  indeed,  it  is 
probable  that  were  it  possible  to  obtain  the  sediment  from  the 
beer  casks,  many  foreign  matters  might  in  this  way  be  detected. 

In  most  cases  it  is  sufficient  to  use  some  of  the  special  pro- 
cesses hereafter  described,  and  restrict  the  inquiry  to  proving 
the  absence  of  picric  acid,  of  picrotoxin,  and  of  any  other 
specially  noxious  substance  which  may  be  suspected.  Should, 
however,  the  analyst  desire  to  examine  the  beer  generally  for 
various  organic  principles,  the  elaborate  process  as  worked  out  by 
Dragendoi'ff  and  others,  fully  described  in  the  Second  Volume  of 
this  work,  must  be  used.  About  600  to  1000  cc.  of  the  beer  are 
evaporated  to  a  syrupy  consistence,  and  sufficient  strong  alcohol 
is  added  to  precipitate  the  dextrine.  The  whole  is  filtered,  and 
after  standing  some  hours,  the  filtrate,  acidulated  with  sulphuric 
acid,  and  shaken  up  successively  with  petroleum  ethei",  benzine, 
chloroform,  and  (if  salicin  be  sought)  amylic  alcohol. 

Or  the  beer  may  be  precipitated  with  acetate  of  lead,  filtered, 
the  excess  of  lead  thrown  out  by  sulphuric  acid,  and  treated 
with  the  solvents  as  described.  If  inquiry  be  made  as  to  the 
nature  of  the  residue  left  by  these  difi'erent  solvents  in  beer 
simply  made  from  hops  and  malt,  it  appeal's  that — 

(1.)  'Y^Q  petroleum  ether  extracts — 

(a.)  An  amorphous,  slightly  bitter  substance,  soluble  in  ether 
and  alcohol,  and  partially  soluble  in  water;  this  is  derived  from 
both  hops  and  malt; 

(6.)  A  substance  precipitable  by  basic  acetate  of  lead;  and  one 
(c.)  Becoming  red  by  Frohde's  reagent;  both  derived  from  the 
hop. 

(c^.)  A  substance  derived  from  the  hop  alone,  becoming  red 

with  sulphuric  acid  and  sugar. 

(2.)  Benzine  extracts  the  same  substances,  and  in  addition — 
(e.)  A  substance  derived  from  the  hop,  which  precipitates 

tannin; 

(/.)  A  substance  derived  from  the  malt,  becoming  dark-brown 
on  tlie  addition  of  sulphuric  acid. 
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(3.)  Chloroform  extracts  («.),  {h.),  and  (e.),  and  also  (/.),  a  sub- 
stance partly  precipitated  by  potassium  iodide  and  pliospliomo- 
lybdic  acid ; 

ig.)  A  substance  reducing  ammoniacal  solution  of  silver 
nitrate ; 

{h.)  A  substance  crystallisable  from  ether.  All  of  these  are 
derived  from  the  malt. 

The  normal  reactions  of  the  substances  being  known,  the  fol- 
lowing scheme  will  be  found  useful,  always  bearing  in  mind  that 
few  chemists,  should  they  obtain  any  of  the  reactions  mentioned, 
would  conchide  from  this  alone  that  the  substance  is  actually 
present.  The  reaction  would  be  considered  as  an  indication  only, 
to  be  sujyplemented  by  other  evidence.  Unless  this  is  remembered 
and  acted  upon,  the  most  unfortunate  errors  may  be  committed 
by  the  inexperienced.  The  beer  is  most  conveniently  shaken  up 
with  the  solvent  in  the  tube  figured  p.  69  ;  the  ether  and  benzine 
will  float  at  the  top,  the  chloroform  will  gravitate  to  the  bottom; 
in  either  case  separation  is  tolerably  easy.  It  will,  however,  be 
found  a  good  plan,  in  the  first  place,  to  separate  the  liquids 
rather  roughly — i.e.,  to  draw  off  the  ether,  benzine,  and  chloro- 
form layers,  with  some  of  the  adjacent  liquid,  to  wash  this  in  the 
same  tube  with  water,  to  withdraw  the  solvent  from  the  water 
as  completely  as  possible  by  the  separating  tube;  and  if  this  (as 
sometimes  happens)  is  not  verj'-  feasible,  to  evaporate  the  impure 
liquid  to  dryness  in  a  water-bath,  and  exhaust  the  residue  with 
the  original  solvent.  The  latter  may  be,  in  the  first  place,  con- 
centrated over  hot  watei',  and  then  portions  distributed  between 
two  or  three  watch-glasses,  and  evaporated  to  dryness. 


I.  THE  ACID  SOLUTION. 
Petroleum  Eesidue. 

(a.)  It  is  amorphous,  colours  sulphuric  acid  first  brown,  then 
violet,  and  finally  red  violet.  Traces  of  Absynthin. 

(6.)  It  is  amorphous,  colourless,  having  a  hot  taste,  reddening 
the  skin,  and  colouring  sulphuric  acid  bi-ownish-red. 

Traces  of  Capsicin. 

(c.)  It  is  amorphous,  green,  is  coloured  by  sulphuric  acid  and 
sugar,  and  gives  no  precipitate  with  ammoniacal  silver  solution. 

Resin  of  the  Juniper  berries. 

(d.)  It  is  crystalline,  yellow,  and  becomes  blood-red  on  warm- 
ing with  cyanide  of  potash.  Picric  acid. 
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Benzine  Residue. 

A.  Crystalline  residue. 

It  is  not  bitter ;  caustic  potash  colours  it  purple-red,  sulphuric 
acid  first  red,  then  orange.  Aloetin. 


B.  Amorphous  residue. 

a.  The  residue  soluble  in  water ;  does  not  trouble  or  redv/ie  gold 
chloride  solution  in  the  cold. 

(a.)  Tannin  does  not  precipitate  the  solution  in  "water; 
residue  sharp  tasting. 

1.  Sulphuric  acid  colours  it  red  brown.  Caj)sicin. 

2.  Sulphuric  acid  colours  it  brown.       Daphne  bitter, 
(b.)  Tannin  precipitates  the  solution  in  water  ;  the  residue 

somewhat  bitter. 

I.  Basic  lead  acetate  causes  a  weak  turbidity,  sulphuric 
acid  and  sugar  scarcely  redden. 

1.  Iron  chloride  colours  the  watery  solution,  on  warm- 
ing, brownish-green ;  taste  slightly  bitter. 

Gentian  bitter. 

2.  Iron  chloride  colours  the  watery  solution  brown ; 
taste  peculiar,  almost  unsupportably  bitter. 

Quassiin. 

II.  Basic  lead  acetate  strongly  precipitates,  sulphuric 
acid  and  sugar  colour  it  gradually  a  beautiful  cherry-red  ; 
taste  bitterish.  Cnicin. 
h.  The  residue  soluble  in  water ;  does  not  trouble  solution  of  gold 
chloride  in  the  cold,  but  reduces  it  on  vjarming. 

(a.)  Tannin  causes  a  faint  turbidity  in  the  wateiy  solution, 
ammoniacal  silver  solution  is  not  reduced.  Heated  with 
diluted  sulphuric  acid,  an  ericinol  smell  is  developed. 
Frohde's  reagent  colours  it  black-brown,  sulphuric  acid 
and  sugar  a  beautiful  red.  Ledum  bitter, 

(b.)  Tannin  precipitates  the  watery  solution  ;  ammoniacal 
solution  of  silver  is  reduced.  Heated  with  diluted  sul- 
phuric acid,  a  weak  smell  of  menyantliol  is  develoi')ed. 

Trifolium  bitter. 

c.  The  residue  soluble  in  water,  j^'recipitates  in  the  cold  chloride 
of  gold,  but  does  not  reduce  it  ujjon  warming.  Heated  with 
diluted  sulphuric  acid  (1  of  acid  to  5  of  Avater),  it  gives  a  weak 
benzoic  acid  smell.  Centaurea  bitter. 

d.  The  residue  soluble  in  loater,  precijntates  in  the  cold  chlonde 
of  gold,  lohich  it  reduces  upon  warming.  Sulphuric  acid  dissolves 
It  first  brown,  then  gradually  violet;  after  the  addition  of  water 
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quickly  a  beautiful  violet.  Hydrochloric  acid  of  1-135  specific 
gravity  colours  it  first  green,  then  a  beautiful  blue.  AbsyntJiin. 


Chlokoform  Residue. 

A.  Chloride  of  gold  does  not  precipitate,  and  is  not  reduced. 

a.  Tannin  gives  no  precipitate ;  the  residue  has  a  pungent 
taste.  Sulphuric  acid  colours  it  dark-brown  red ;  it  reddens  the 
skin.  Capsicin. 

b.  Tannin  precipitates. 

(a.)  Basic  lead  acetate  gives  a  decided  precipitate.  Heated 
with  diluted  sulphuric  acid  it  is  first  troubled,  then  it 
becomes  brown-red,  and  develops  a  weak  smell  of  benzoic 
acid.  Cnicin. 

(b.)  Basic  acetate  of  lead  gives  little  or  no  precipitate. 

I.  Sulphuric  acid  colours  brown. 

1.  Residue  bitter. 

aa.  Strongly  bitter.  Quassiin. 
bb.  Residue  somewhat  bitter.         Gentian  bitter. 

2.  Residue  tasting  pungent.  Daj^Jme  bitter. 

II.  Sul2)huric  acid  colours  but  slightly  yelloio  or  not  at 
all.  Colocynth  bitter. 

B.  Chloride  of  gold  does  not  precipitate  in  the  cold,  but  is 
reduced  in  the  warm. 

a.  Tannin  does  not  precipitate. 

1.  Intoxicates  fish,  tastes  bitter.  Picrotoxin. 

2.  Is  tasteless  or  slightly  bitter  ;  caustic  potash  colours  it 
red-brown.  Constituent  of  Aloes. 

b.  Tannin  precipitates. 

(a.)  Ammoniacal  solution  of  silver  is  reduced.  Heated  with 
dilute  sulphuric  acid,  as  well  as  with  Frohde's  reagent, 
there  is  a  strong  smell  of  menyanthol.  Menyanthin. 

{b.)  Ammoniacal  solution  of  silver  is  not  reduced.  With 
concentrated  sulphuric  acid  and  sugar,  after  long  standing, 
a  splendid  carmine  red  develojis ;  heated  with  diluted 
sulphuric  acid,  as  well  as  with  Frohde's  reagent,  an  in- 
tense ericolin  smell  is  developed.  Ericolin. 

C.  Cliloride  of  gold  precipitates  in  the  cold,  and  is  not 
reduced  by  the  application  of  heat.    Nitric  acid  colours  violet. 

Colchicine. 

Heated  with  sulphuric  acid,  an  odour  somewhat  like  trifoliura 
is  developed,  then  the  solution  becomes  red-brown,  and  the  smell 
similar  to  benzoic  acid.  Centaurea  bitter. 

D.  Chloride  of  gold  precipitates  in  the  cold  and  reduces  in 
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the  warm.  Sulphuric  acid  colours  brown,  then  the  solution 
becomes  gradually  dirty  violet.  Wormvjood  bitter. 

If  necessaiy  to  go  further,  search  may  be  made  for  the  alka- 
loids by  rendering  the  liquid  weakly  alkaline  by  carbonate  of 
soda  or  by  ammonia, 

II.  THE  ALKALINE  SOLUTION. 

I.  Residue  obtained  by  shaking  up  with  Benzine. 

(1.)  It  dilates  the  pupil  of  a  cat. 

(a.)  Platin  chloride  does  not  precipitate  the  aqueous 
solution.    A  solution  in  sulphuric  acid  gives  on  warm- 
ing a  peculiar  smell.  Atropine, 
(b.)  Platin  chloride  precipitates.  Hyoscyamin. 
(2.)  It  does  not  dilate  the  pupil. 

(a.)  The  sulphuric  acid  solution  gives  Avith  oxide  of 
cerium  or  bichromate  of  potash  a  blue  colour. 

Strychnine. 

(b.)  The  sulphuric  acid  solution  gives  a  red  colour  with 
nitric  acid  solution.  Brucin. 

II.  Residue  obtained  from  shaking  it  up  with  Amylic 
Alcohol. — (This  need  only  be  done  if  salicin  be  suspected.) 
On  warming  with  sulphuric  acid  and  bichromate  of  potash, 
a  smell  of  salicylic  acid  is  developed.  Salicin. 

§  270.  A  very  good  process,  only  aiming  at  the  identifica- 
tion of  a  few  principles,  is  recommended  by  Enders;  it  is  as 
follows : — 

The  beer  is  evaporated  to  a  syrup,  the  dextrine  separated  by 
mixing  it  with  three  or  four  times  its  volume  of  alcohol,  the 
liquid  filtered,  and  the  sugar  precipitated  by  ether.  The  filtered 
ether-alcohol  solution  is  evaporated,  the  residue  dissolved  in 
alcohol,  mixed  with  water,  and  precipitated  hy  means  of  acetate 
of  lead.  The  precipitate  is  filtered,  the  filtrate  put  on  one  side. 
The  Avashed  precipitate  is  then  separated  from  lead  by  SH,,  the 
lead  sulphide  filtered  and  washed  Avith  alcohol,  and  the  filtrate 
(as  Avell  as  the  alcohol  washing  of  lead  sulphide)  evaporated 
together.  The  residue  is  dissolved  in  chloroform,  and  the  solu- 
tion Avarmed  Avith  Avater  until  all  the  chloroform  is  driA'-en  off. 
The  hoi^  bitter,  which  remains  insoluble,  is  filtered  off,  and  tlie 
filtrate  evaporated  to  dryness.  The  lupulin  in  it  should  taste 
bitter  and  have  an  acid  reaction ;  it  is  soluble  in  alcohol,  ether,, 
and  chloroform  ;  is  not  precipitated  Avhen  in  solution  in  Aveak 
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spirit  by  tannic  acid,  but  is  precipitated  by  acetate  of  lead. 
Ammoniacal  solution  of  silver  is  not  reduced  by  it.  The  filtrate 
of  the  first  lead  precipitate  is  freed  from  lead  by  SH,,  the  lead 
sulphide  filtered  ofi"  and  washed  with  hot  water,  the  excess  of 
SH.,  driven  off  by  warming,  and  then  tannin  added  to  the  filtrate. 
If  no  precipitate  occurs,  absynthin,  quassiin,  and  menyanthin  are 
absent.  Any  precipitate  is  filtered,  dried  with  carbonate  of 
lead,  boiled  with  alcohol,  evaporated,  and,  lastly,  treated  with 
ether.  The  latter  agent  dissolves  absynthin,  which  is  also 
soluble  in  alcohol,  and  in  much  hot  water ;  from  the  latter  solu- 
tion it  is  precipitated  by  tannic  acid,  but  not  by  lead  acetate ;  it 
is  soluble  in  sulphuric  acid,  and  on  careful  addition  of  water  to 
this  solution  a  violet-blue  colour  is  produced.  Absynthin  reduces 
an  ammoniacal  solution  of  silver.  Ether  leaves  menyanthin  and 
quassiin  undissolved.  Both  are  soluble  in  alcohol,  and  the  latter 
behaves  towards  tannic  acid  and  acetate  of  lead  like  absynthin, 
Menyanthin  reduces  ammoniacal  solution  of  silver;  quassiin  does 
not. 

Picrotoxin  may  be  specially  tested  for  by  some  one  of  the 
following  processes : — 

Herdpath's  Process. — Mix  the  beer  with  acetate  of  lead  in 
excess ;  filter,  and  transmit  sulphuretted  hydrogen  through  the 
filtrate.  Filter  again,  concentrate  the  filtrate,  and  treat  it 
with  animal  charcoal,  which  has  the  property  of  absorbing  the 
picrotoxin.  Wash  the  animal  charcoal,  dry  at  100°,  and  boil 
with  alcohol;  this  dissolves  out  the  picrotoxin,  from  which  ife 
may  be  obtained  in  tufts  of  ci-ystals. 

Bepairds  Process. — Mix  with  1  litre  of  beer  finely  powdered 
rock  salt  (which  throws  down  the  resinous  and  extractive 
matters),  and  shake  the  liqtiid  with  ether  ;  an  impure  jDicrotoxin 
crystallises  on  separating  the  ether  and  evaporating  it :  or  the 
beer  may  be  simply  acidulated  with  hydrochloric  acid  and  agitated 
with  ether,  the  ether  separated  and  evaporated  as  before. 

Schmidt's  Process. — 1.  Evaporate  the  beer  in  a  water-bath  to  a 
syrupy  consistence,  mix  it  with  tepid  water  till  it  is  i^erfectly 
liquid,  so  as  to  bring  the  volume  to  a  third  of  the  liquid  used ;  heat 
and  shake  with  animal  charcoal.  Let  it  stand  several  hours,  filter, 
and  heat  slightly ;  precipitate  by  basic  acetate  of  lead,  and  again 
filter.  The  liquid  should  now  be  of  a  yellow  wine-colour  ;  if  not, 
re-filter  througli  animal  charcoal.  Add  from  5  to  10  cubic  centi- 
metres of  amylic  alcohol,  and  shake  briskly  several  times  at 
intervals;  after  twenty-four  hours  the  amylic  alcohol,  containing 
the  greater  part  of  the  picrotoxin,  collects  on  the  surface.  The 
remainder  is  subsequently  eliminated  by  fresh  treatment  with 
amylic  alcohol.    Collect  the  limpid  layers  of  this  alcohol,"and 
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leave  the  rest  to  evaporate  spontaneously.  On  the  sides  of  tlie 
capsule  a  yellowish  ring  forms,  and  this  contains  the  picrotoxin 
mixed  with  resinous  substances. 

2.  Isolation  of  the  Picrotoxin. — First,  dissolve  the  resinous 
product  in  weak  alcohol,  evaporate  to  dryness,  recover  by  a  little 
boiling  water  containing  a  small  quantity  of  HjSO^,  boil  to  expel 
any  volatile  matter,  add  a  little  animal  black  to  eliminate  aU 
extractive  and  resinous  matter,  and,  lastly,  filter.  Evaporate 
inodorous  liquid,  and  when  a  fresh  bitter  taste  is  developed, 
shake  up  with  ether ;  this  redissolves  the  picrotoxin,  and  collects 
into  a  distinct  layer  on  the  surface  of  the  liquid.  Treat  again 
with  ether,  and  the  whole  of  the  picrotoxin  is  eliminated;  finally, 
the  ethereal  liquids  are  mixed,  a  little  alcohol  is  added,  and  the 
whole  is  evaporated.  The  Avhite  or  yellowish  ring  formed  con- 
sists of  picrotoxin,  which  then  has  only  to  be  dissolved  in  alcohol 
to  furnish  the  immediate  principle  in  the  form  of  well-defined 
crystals.  These  crystals,  however,  will  not  be  obtained  unless 
the  solution  be  quite  free  from  resinous  substances ;  if  not  free, 
and  if,  for  instance,  the  ethereal  solution  is  of  a  yellow  colour,  it 
must  be  recovered  with  water  and  treated  by  charcoal,  as  above 
described. 

Schmidt  was  able  to  separate  by  this  process  0-04  grain  of 
picrotoxin  in  a  bottle  of  beer  which  had  been  adulterated  with 
eight  grains  of  Indian  berry.* 

Dragendorff  has  modified  the  method  of  Schmidt,  by  adding 
an  excess  of  acetate  of  lead,  precipitating  this  by  SH,,  and 
with  the  lead  sulphide  getting  rid  of  some  colouring  matter. 
The  sulphide  of  lead  may  be  washed  and  dried,  and  then 
boiled  with  ether,  to  recover  any  picrotoxin  which  has  gone 
down  with  it. 

By  the  following  process  the  animal  charcoal  may  be  dispensed 
Avith  altogether : — The  beer  is  first  evaporated  to  a  syi'up,  then 
4  to  5  vols,  of  alcohol  of  90  to  94  per  cent,  are  added.  After 
maceration  for  twenty-four  hours  at  a  low  temperature,  the 
alcoholic  extract  is  evaporated,  the  residue  acidified  with  diluted 
SO^Hg,  and  treated  several  times  with  amyl  alcohol  or  chloro- 
form;  but  previously  to  this  the  fluid  should  be  shaken  up 
several  times  with  benzine,  which  does  not  remove  any  pici'o- 
toxin.    The  rest  of  the  process  is  similar  to  that  of  Schmidt. 

§  271.  Sjwcial  Tests  for  Picric  Acid. — If  picric  acid  alone  should 
be  sought  for,  the  quickest  way  is  to  agitate  the  beer  in  the 
separating  tube,  described  p.  69,  with  half  its  volume  of  amylic 
alcohol.    On  separating  and  evaporating  the  alcohol,  if  picric 


*  M.  Schmidt :  Chem.  News,  March  12,  1864,  p.  122. 
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acid  be  present  a  yellow  residue  will  be  left,  and  can  be  identified 
by  the  action  of  potassic  cyanide,  as  described  below.  It  will 
not  be  worth  while  testing  specially  for  picric  acid,  if  the  beer,  on 
being  treated  with  subacetate  of  lead,  loses  nearly  all  its  bitter 
taste ;  but  if,  on  the  contrary,  it  continues  bitter,  picric  acid,  or 
some  other  bitter  not  precipitable  by  acetate  of  lead,  is  present. 

Another  test  frequently  proposed  for  pici-ic  acid  is  to  soak 
some  pure  wool  in  the  beer,  first  gently  warmed  over  the  water- 
bath  and  acidulated  with  HCl,  when  the  picric  acid  will  stain 
the  wool  yellow.  The  wool  thus  stained  may  next  be  warmed 
with  aqueous  ammonia,  the  liquid  filtei-ed,  concentrated  to  a 
small  bulk,  and  a  few  drops  of  a  solution  of  potassic  cyanide 
added,  when,  if  picric  acid  be  present,  a  red  colour  (potassium 
isopurpurate)  will  be  produced.  Picric  acid  may  be  also  recog- 
nised, if  present,  by  spectroscopic  examination :  the  dried  extract 
is  exhausted  either  by  amyl  alcohol  or  ether,  and  the  solution 
examined,  comparing  any  spectrum  obtained  with  that  given  by 
a  solution  of  the  acid. 

The  best  method,  according  to  W.  Fleck,  of  detecting  picric 
acid  in  beer,  is  to  evaporate  down,  say  half  a  litre  of  the  beer  to 
a  syrup,  mix  the  residue  with  ten  times  its  volume  of  absolute 
ilcohol,  filter,  wash,  evaporate  the  alcoholic  solution  to  dryness, 
treat  this  dry  extract  with  water  as  long  as  the  water  is  coloured, 
3vaporate  down  the  watery  extract  to  dryness,  and  extract  with 
3ther.  The  ether  will  contain  any  picric  acid  in  a  state  pure 
enough  to  weigh,  if  not  absolutely  pure.  The  ether  may  be 
iriven  off  and  the  picric  acid  taken  up  by  chloroform  or  benzole, 
md  crystallised  out  fi'om  either  of  those  solvents.* 

§  272.  Mr.  Sorby  has  endeavoured  to  discover  by  spectral 
malysis  differences  between  picric  acid,  gentian,  calumba,  and 
;hiretta.  The  characters  of  the  pure  colouring-matters  of  malt 
md  hops,  when  single  and  unfermented,  have  been  already  de- 
scribed. They  are,  however,  modified  somewhat  by  fermentation 
md  by  keeping  in  the  cask,  and  the  following  is  a  description  of 
ivhat  may  be  found  in  pure  beers.  The  colouring-matter  is  fii'st 
ieparated  by  evaporating  down  and  precipitating  by  alcohol ;  the 
ilcoholic  filtrate  is  in  turn  evaporated,  and  the  residue  dissolved 
,n  water.  On  now  adding  to  this  aqueous  solution  sodic  hypo- 
;hlorite,  it  becomes  gradually  flesh-coloured,  and  if  it  is  strong  a 
ipcctrum  can  be  obtained.  This  spectrum  is  lightly  shaded  to 
J§D,  then  dark  to  DiE,  afterwards  very  dai-k;  and  when  most 
idvantagcously  seen  half  dark  from  D  |E  to  F,  then  easily  shaded 
'0_F^G,  farther  on  very  dark  ;  and  there  is  a  broad  absorption- 

*  II.  Fleck,  C'orresponderiz-Bl.  d.  Vereins,  Anal.  Ckem.,  iii.  77. 
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"band  from  Ei6.  If  more  hypochlorite  is  added,  it  becomes 
deeper  orange,  and  finally  orange  yellow.  No  difference  could 
he  discovered  spectroscopically  between  gentian,  chiretta,  and 
hops.    Caliimha  root  it  is  possible  to  detect  as  follows  : — 

A  sample  of  pure  and  one  of  suspected  beer  are  evaporated 
down.  [A  beer  may  he  suspected  if  the  extract  is  bright  yellow.] 
Two  observation  tiihes  are  taken,  aad  the  pure  beer  diluted  until 
it  gives  a  spectrum  easily  shaded  from  D^E  to  EJi,  then  mode- 
rately dark  from  6f  F,  afterwards  dark.  In  the  other  tube  is 
placed  as  much  of  the  suspected  sample  as  will  give  a  colour  of 
about  equal  intensity,  and  in  hoth  cases  about  one-fourth  of  the 
mixture  must  be  alcohol,  in  order  to  avoid  a  precipitate.  Sodic 
hypochlorite  is  now  added  to  both  slowly,  and  in  about  equal 
proportion ;  when  pure,  beer  will  become  first  red,  and  then  flesh- 
coloured,  with  a  spectrum  moderately  dark  from  &f  F  to  Fi-g, 
then  half  dark  to  Fig,  afterwards  dark;  whilst  beer  containing 
calumba  root'  is  coloured  orange-i'ed,  and  gives  a  spectrum 
lightly  shaded  from  D  to  D^E,  afterwards  half  dark  from 
D§E,  then  dark.  Too  large  an  amount  of  hypochlorite 
must  not  be  added,  or  the  colour  is  then  too  like  that  of 
pure  beer.  Picric  acid,  when  in  beer,  gives  a  spectrum 
which  is  easily  shaded  from  to  F|^,  then  half  dark  to  about 
g,  afterwards  very  dark.  On  addition  of  sulphuric  acid  the 
spectrum  is  lightly  shaded  from  F^^  to  Ff  gr,  then  half  dark  to 
beyond  g ;  afterwards  very  dark. 

Salicylic  Acid  is  used  occasionally  in  brewing.  If  the  beei", 
concentrated  to  a  small  bulk,  is  acidified  with  hydrochloric  acid 
and  shaken  up  with  ether,  the  latter  solvent  will  extract  the 
organic  acid,  and  it  may  be  identified  by  the  colour  it  gives  with 
ferric  chloi'ide,  and  by  its  physical  properties. 

§  273.  (7.)  The  Ash. — The  analysis  of  the  ash  of  beer  differs  in 
no  degree  from  an  analysis  of  ash  in  general,  and  is  carried  out  in 
the  principles  detailed,  p.  97  et  seq.  The  substances  to  which 
the  analyst's  attention  is  specially  directed  are — the  amount  of 
salt,  the  presence  or  absence  of  iron  (often  added  in  the  form  of 
sulphate  to  porter),  alum,  and  lead.*  Of  these  the  only  one 
necessary  to  allude  to  further  is  the  salt. 

The  salt  in  beer  is  determined  with  suflficient  accuracy  by 
charring  in  a  platinum  dish  the  extract  from  70  cc.  of  beer  (it  is 
not  well  to  burn  to  a  complete  ash,  for  in  doing  so  there  is  always 
a  considerable  loss  of  chloi-ides).  The  charred  mass  is  boiled  up 
with  successive  portions  of  distilled  water,  filtered,  and  the 

*  Many  firms  now  use  large  copper  coolers,  but  no  injurious  amount  of 
copper  appears  to  have  been  as  yet  detected  in  beers. 
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filtrate  made  up  to  a  known  bulk,  from  which  a  convenient  frac- 
tional portion  is  taken,  and  titrated  with  a  solution  of  nitrate  of 
silver  (4-79  grms.  to  the  litre),  1  cc.  =  1  mgrm.  of  chlorine,  using 
as  an  indicator  neutral  chromate  of  potash.  The  chlorine  found 
is  calculated  and  expressed  as  common  salt,  every  mgrm.  of  salt, 
when  70  cc.  are  taken,  being  equivalent  to  1  grain  in  the  gallon. 
Mr.  Griffin's  convenient  measure,  the  septem  or  one-hundredth  of 
a  gallon,  may,  of  course,  be  used,  and  grains  instead  of  grammes — 
each  grain  measure  of  nitrate  of  silver  being  made  to  correspond 
to  one-tenth  of  a  grain  of  common  salt  per  gallon.  Should  the 
amount  thus  found  indicate  more  than  50  or  60  grains  per  gallon, 
a  second  determination  of  chlorine  should  be  made  by  the  more 
accurate  gravimetric  method  of  w^eighing  the  chloi-ine  as  chloride 
of  silver.  It  may  even  be  advisable  to  make  a  qualitative  and 
quantitative  examination  of  the  soluble  portion  of  the  ash ;  for, 
if  called  as  a  witness,  the  analyst  must  be  prepared  to  state  posi- 
tively the  amount  of  chloride  of  sodium  ;  nor  can  he  well  do  this 
simply  from  the  soluble  chlorine,  for  that  may  represent  other 
chlorides  besides  chlorides  of  sodium. 

The  amount  of  salt  derived  from  the  hops  and  malt  can 
approximately  be  determined,  as  Mr.  Gatehouse  has  shown,* — 
First,  for  the  malt  :  by  taking  the  original  gravity,  as  before 
described  (p.  415),  obtaining  thence  the  quantity  of  malt  origin- 
ally used  in  the  beer,  and  reckoning  the  malt  to  contain  '025  per 
cent,  of  salt  (and  certainly  no  malt  will  be  found  to  exceed  this). 
Then,  for  the  hops  :  the  possible  maximum  of  salt  in  hops  is  '345 
per  cent.  The  quantity  used  in  brewing  being  seldom,  if  ever, 
more  than  20  lbs.  per  quarter  of  malt  for  bitter  beer,  and  generally 
less  than  half  this  amount  for  strong  beer,  and  this  weight  of 
malt  giving  at  least  72  gallons,  the  salt  derived  from  the  hops 
cannot  in  bitter  beer  exceed  6 '7  grains,  and  in  strong  beer  3*35 
grains  per  gallon. 

Thus,  to  take  the  first  example  (p.  423),  the  original  gravity  of 
which  was  1'0402,  corresponding  by  the  tables  to  9-950  lbs.  of 
malt  extract  per  gallon.  Since  320  of  malt  eqvial  210  of  extract, 
and  there  are  7000  grains  in  the  pound — 

9 -950 X. 320 X  -025x7000 
210  X 100 

=  2-65  grains  of  salt  per  gallon  as  the  possible  maximum  from 
the  malt,  the  beer  in  question  not  being  a  bitter  beer.  Add  to 
this  3*35  as  possible  maximum  amount  of  salt  from  the  hops — 


•  The  Amount  of  Salt  in  Beer.    Analyst,  No.  20,  1877. 
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2'65  from  malt, 
3-35  from  hops, 


6-00  salt  possible  from  both  malt  and  hops. 

Now,  if  the  composition  of  the  water  used  in  brewing  be 
known,  one-third  more  than  the  actual  quantity  of  salt  in  the 
■water  present  may  be  added  to  the  number  representing  the  salt 
from  the  hops  and  malt,  and  the  data  are  then  complete  for  the 
analyst  to  form  his  judgment.  The  amount  of  salt  in  the  water 
used  will,  however,  only  occasionally  be  known. 

The  numbers  used  in  the  above  calculations  being  constants, 
the  process  is  shortened  by  simply  deducting  1000  from  the 
original  gravity,  and  multiplying  by  "066,  the  result  giving  the 
salt  in  grains  per  gallon.  Thus,  taking  an  example  from  Mr. 
<3atehouse's  excellent  paper  :* — 

Per  cent. 

Beer  found  to  contain  alcohol,  5  "2 

Malt  extract,  7*38 

Specific  gravity  of  alcohol  equals  '9911 ;  the  spirit 
indication  therefore  equals  8  "9,  giving  an 
original  gravity,    .       .       .       .       .       .  38"6 

Gravity  of  boiled  beer,      .       .       .  1030-6 


Original  gravity  of  wort,    .       .       .         1069 '2 
Salt  due  to  malt  alone,    .       .       .       69-2  x '066=  4-567 

Salt  due  to  hops,  3  -350 

Salt  due  to  water,  unknown. 

Possible  total  due  to  malt  and  hops,       .       .       .  7-917 
The  amount  of  salt  actually  found  being  S-55 

It  has  been  suggested  that  the  concrete  sugart  so  largely  and 
legitimately  used  by  brewei's,  sometimes  contains  a  considerable 
amount  of  chlorides.  If  samj^les  are  found,  occasionally,  with 
more  than  a  trace  of  chloride,  it  is  because  the  sugar  itself  has 
been  prepared  for  the  brewers ;  nor  can  there  be  any  difference 

*  0;).  cit. 

t  It  is  possible  for  ai-senic  to  be  found  in  beers  manufactured  from  wlncose, 
for  in  certain  kinds  of  the  latter  arseuic  is  occasionally  discovered,  the  sub- 
stance probably  having  been  introduced  by  the  use  of  an  arsenical  sulphuric 
acid  in  the  process  of  manufacture.  The  darker  in  colour  the  glucose,  the 
more  likely  is  it  to  be  arsenical ;  thus,  M.  Ritter  found — 

Grm. 

In  White  Glucose,  0-0105  arsenic  per  kilogramme. 

„  Yellow     ,,  0-0170     ,,  ,, 

,,  Black       ,,  0-1094     ,,  ,, 

Clouet,  iu  the  examination  of  a  very  large  number  of  arsenical  glucoses, 
found  as  a  minimum  0-0025  grm.,  as  a  maximum  0-0070  grm.,  and  as  a  mean 
0-0051  grm.  metallic  arsenic  per  kilogramme.  (T.  Clouet,  Du  glucose 
arsenical.    Ann.  dUIyijicne  Publique,  xlix.,  Jan.,  1878.) 
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whether  the  brewer  adds  the  salt  as  salt,  or  first  mixes  it  with 
sugar.  However,  analytical  proof  of  sufficient  chlorides  naturally 
present  in  concrete  sugar,  to  raise  the  salt  in  beer  made  from 
ordinary  materials  to  over  50  grains  per  gallon,  is  wanting ;  and 
all  the  evidence  in  its  favour  has  been  derived  from  loose  state- 
ments. 
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WINE. 

§  274.  Constituents  of  Wine. — Wine  is  the  fermented  juice  of 
the  grape,  with  such  additions  only  as  are  essential  to  the  stability, 
or  keeping  of  the  liquid  (Dupre).  The  constituents  of  grape 
juice  and  wine  may  be  arranged  and  compared  as  follows 
{Neubauer)  : — 

Must. 

Water. 
Grape  sugar. 

Albuminoid  bodies. 


Hydro-potassic  tartrate. 

Tartrate  of  lime. 

Vegetable  mucus. 
Gum. 

Malic  acid  (in  bad  seasons). 

Salts  of  ammonia  and  of  similar  bases 

Small  mixtures  of  colouring-matters. 

Organic  acids  in  combination  and 
certain  extractive  matters. 


Mineral  matters.* 


*  The  mineral  matters  of  the  ash  of  eighteen  samples  of  grape  juice  have 
been  quantitatively  determined  by  Mr.  Carter  Bell,  Analyst  (November, 
1881)  ;  the  chief  results  are  as  follows  : — 


u 
-E 

s 

rr  _a 

(D 
•.J 

Jtash. 

a 
■a 

ilorim 

ilphur 
Acid. 

iosph( 
Acid. 

B 

*s 

□ 

Iron 
losphc 

Vlumil 
lospht 

Lime 

o 
to 

o 

CO 

CM 

Maximum,  . 

54-24 

10-54 

3-39 

13-68 

7-28 

13-99 

12-57 

1-68 

3-85 

23-73 

-98 

Mhiimum,  . 

31-23 

•29 

■29 

3-14 

•22 

-65 

•96 

•05 

•05 

3^13 

•08 

Mean,    .  . 

42-14 

3-37 

1-09 

9-14 

3-00 

4-55 

9-67 

•63 

•87 

12-78 

•29 

^  This  may  be  comi^ared  with  the  mineral  constituents  of  wine  given  at 
page  472. 


Water. 

Grape  sugar  (0  to  several  per  cents.) 
Alcohol. 

Eesidues  of  albuminoid  bodies. 
Acetic  acid. 
Succinic  acid. 

Tartrateof  lime,  (  In  smaller  propor- 
Tartaric  acid,    (  tions  than  in '•Must." 

Gum. 

Mahc  acid  (in  bad  seasons). 

Colouring-matters. 
Glycerine. 

Organic  matters  in  combination  and 

certain  extractive  matters. 
Caproic  ethe?-,  ^  So-called  cenanthic 
Capi-ylic  ether,  j  ether. 
Unknown  odorous  ethers. 
Tannin. 

Mineral  matters. 

A  few  ferment  cells  and  similar  forms. 
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§  275.  Changes  tahing  2^lcice  in  Wine  through  Age. — Bertlielot  * 
lias  made  several  analyses  of  wines  100  and  45  years  old  respec- 
tively, which  are  interesting  as  contributing  to  more  accurate 
knowledge  regarding  the  effect  of  age  upon  wine.  The  wines 
were  both  samples  of  Port.  The  one  100  years  old  had  a  large 
deposit  of  colouring-matter,  and  was  yellow  ;  the  colour  of  the 
second  sample  was  dark,  but  yet  lighter  than  that  of  new  wine. 
The  results  of  the  analyses  are  as  follows  : — 


Port  wine, 
100  years  old. 

Port  wine, 
45  years  old. 

Specific  gravity,  ..... 

■988 

•991 

Total  residue  at  100°, 

3-36 

5-30 

Sugars,  reducing,  .... 

1-25 

315 

Sugars,  after  the  action  of  dilute  acid, 
Acid,  calculated  as  tartaric  acid, 

1-29 

3-68 

5-17 

5-46 

Tartaric  ether,  .... 

111 

117 

Cream  of  tartar,  .... 

■27 

•42 

Glycerine,  ..... 

150 

161 

The  analyses  of  the  deposits  gave  the  following  results  : — 


Sugar,  reducing. 
Cane-sugar, 
Pure  acids. 
Acids  as  ethers. 
Cream  of  tartar. 


Wine  Wine 
100  years  oM.   45  years  old. 

1^25  3-15 

•04  ^53 

•51  -52 

•27  ^28 

•03  -04 


2-10  4-52 

Glycerine,  1^16  -98 

It  would  then  seem  that  there  is  a  gradual  deposit  of  the 
coloui-ing-matter,  and  that  some  of  the  sugar  has  disappeared 
from  the  old  wine,  which  gives  a  smaller  residue.  Cane-sugar 
is  practically  absent  in  the  sample  100  years  old,  a  fact  which 
Berthelot  interprets  as  confirmatory  of  his  observation  'of  the  slow 
invertive  action  of  organic  acids  on  cane-sugar.  From  the  quan- 
tities of  tartaric  acid  existing  as  ethers,  and  the  same  amount  of 
acids  in  new  wine,  it  would  appear  that  the  wine  loses  about  a 
quarter  of  its  acidity  by  etlierification.  The  experiments  of 
Macagno  may  also  be  here  cited,  from  which  it  appears  that  in 
wines  of  the  same  class  the  tannin  decreases  through  age,  while 
the  glycerine  increases. 

The  Tablet  on  pp.  440,  441  gives  examples  of  the  quantities 
found  of  the  chief  ingredients  of  wine. 

*  Comples  lie.ndus,  83,  1879,  626. 

■i-  Drawn  uj)  by  Dr.  Dupre'.  Proceedings  of  Society  of  Public  Analysts, 
i.,  1876,  p.  77. 


4^0  FOODS  :  THEIR  COMPOSITION  AND  ANALYSIS.        [§  275. 


TABLE  XLIV. — Weight  in  Grammes  of  some  of  the  Chief 

Undermentioned 


Particulars  of  Wines  Analysed. 

Specific  Grayity. 

Absolute  Alcohol. 

Free  Fixed  Acid  as 
Tartaric  .\cid. 

Free  Volatile  Acid  as 
Acetic  Acid. 

Total  Free  Acid  as 
Tartaric  Acid. 

Heal  Tartario  Acid. 

Doz. 

Hock,  white,  30s. 

Vintage. 

vol 

4.-90 

>»  n 

40s, 

lOOil 

Q9-n 

O 

z  oou 

120s. 

loo  i 

009 -81 

1  C\i.-± 

u  yo 

0  0/ 

C\  •R'7t\ 
U  0 

Claret, 

15s. 

OO'^-'iQ 

yyo  00 

OO  o 

1  4/ 

O  UO 

U  0/0 

48s. 

loOO 

yyo  Uo 

1 9n*n 
izu  u 

1  -TJ. 
1  11 

R'jLl 
O  41 

1  0/0 

99 

66s. 

lODI 

yy*  t  o 

00  o 

Q  .9Q 

1  OU 

O  40 

1  OOo 

Hungarian, 

red,  2l8. 

llo  D 

o  00 

9-40 

4y 

O  OO 

u  ouu 

,,     white,  34s. 

yyz  oo 

yo  4 

14/ 

^  .1 1? 

/  lo 

U  0/0 

99 

42s. 

OOQ  -no 
yyo  Uy 

y4  y 

A  .1A 

1  "OA 
1  OU 

c  -on 

o  ay 

U  o/O 

Greek  wine, 

„  20s. 

... 

S94-56 

107-2 

3-41 

3-00 

7-16 

0-675 

)>  99 

„  28s. 

992-25 

124-5 

4-54 

1-68 

6-64 

99  99 

„  36s. 

993-17 

138-9 

2-33 

1-77 

4-54 

0-300 

Sherry, 

223. 

1865 

994-09 

172  0 

2-70 

1-53 

4-61 

0-187 

99 

high  price. 

1860 

997-93 

178-1 

3 -OS 

1-68 

5-18 

0-262 

99 

9  9             9  9 

1857 

998-30 

184  0 

2-81 

1  62 

4-84 

0-150 

Madeira,  E.I.,  60s. 

993-94 

177-5 

3-26 

1-68 

5-36 

0-300 

99 

high  price. 

1812 

994-15 

180-0 

4-20 

3-27 

8-25 

Port, 

32s. 

1S64 

1004-76 

185-6 

3  08 

0-84 

4-13 

0-225 

high  price. 

1854 

997-42 

175-3 

3-54 

1-07 

4-88 

0-225 

)  i 

9  9              9  9 

1842 

986-95 

182-6 

2-66 

1-08 

4-01 

0-150 

Marsala, 

16s. 

old 

996-65 

167-1 

1-88 

Ml 

3-26 

>)  * 

'20s.  ^ 

'ery  old 

999-65 

168-9 

2-25 

1-38 

3-98 

0150 
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I!ONSTITUENTS  OF  1  LiTRE  (1000  CC.  OE  1000  VOLITMES,  OF  THE 


Total  Dry  Eesldue. 

Grape  and  Fruit 
Sugar. 

Total  amount  of  Ash. 

Carbonate  of 
Potassium. 

Sulphates  and 
Chlorides. 

Phosphate  and  Car- 
bonate of  Calcium.  i 

Total  amount  of 
Phosphoric  Acid.  i 

Alcohol  in  Fixed 
Ethers. 

Alcohol  in  Volatile 
Ethers. 

Total  Alcohol  in 
Ethers  found. 

Total  Alcohol  in 
Ethers  calculated.  i 

Proportion  per  cent, 
of  Alcohol  found  to 
Alcohol  calculated. 

18-63 

1-95 

0-58 

0-76 

0-60 

0-32 

0-132 

0-230 

0-362 

0-360 

100-5 

18-55 

0-12 

1-70 

007 

0-78 

0-85 

0  30 

0-199 

0-239 

0-438 

0-458 

95-7 

20-60 

1-12 

1-45 

0-14 

0-46 

0-85 

0-35 

0-225 

0-239 

0-464 

0-493 

94-3 

21-40 

4-31 

2-08 

066 

0-95 

0-48 

0-33 

0-155 

0-197 

0-352 

0-476 

74-0 

24-33 

2-04 

2-25 

0-66 

1-05 

0-55 

030 

0-186 

0-248 

0-430 

0-581 

74-6 

1800 

0-95 

2-00 

0-38 

0-99 

0-63 

0-30 

0-166 

0-216 

0-382 

0-429 

88-8 

20-85 

1-47 

1-85 

0-41 

0-91 

0-53 

0'35 

0-151 

0-358 

0-509 

0-656 

77-6 

18-20 

0-61 

1-75 

0-14 

0-81 

0-80 

0-25 

0-186 

0-271 

0-457 

0-613 

74-5 

18-13 

0-24 

1-88 

0-12 

0-90 

0-85 

0-25 

0-162 

0-273 

0-435 

0-596 

73-0 

25-30 

2-00 

2-25 

007 

1-18 

100 

0-25 

0-224 

0-214 

0-438 

0-690 

63-6 

24-42 

1-12 

3-05 

0-41 

2-01 

0-62 

025 

0-384 

0-179 

0-563 

0  707 

79-6 

25-50 

3-64 

3-75 

0-21 

2-49 

1-05 

0-45 

0-245 

1-207 

0-453 

0-530 

85-1 

42  00 

25-65 

4-50 

0-07 

3-63 

0-80 

0-18 

0-206 

0-216 

0-422 

0-639 

66-1 

53-50 

29-70 

5-50 

0-18 

4-41 

0-95 

0  25 

0-290 

0-391 

0-681 

0.749 

90-8 

56-44 

35-10 

5-13 

0-07 

4-18 

0-88 

013 

0-262 

0-469 

0-731 

0-722 

101-2 

43-47 

20  80 

3-90 

0-27 

2-52 

1-10 

0-42 

0-305 

0-382 

0-687 

0-774 

88-7 

45-41 

16-29 

3-59 

0-17 

1-93 

1-49 

0-50 

0-400 

0-773 

1-233 

1-207 

102-1 

75-57 

43-31 

2-48 

0-48 

1-34 

0-65 

0-35 

0-302 

0-128 

0-4.30 

0-620 

69-4 

33-90 

22-84 

2-58 

0-66 

1-37 

0-55 

0-33 

0-351 

0-220 

0-571 

0-697 

84-9  , 

Jl-01 

10-10 

2-10 

0-69 

0-86 

0-45 

0.33 

0-283 

0-331 

0-614 

0-595 

103-2 

to -83 

32-40 

2  25 

0-21 

1-54 

0-50 

018 

0-250 

0-189 

0-445 

0-447 

99-3 

57-48 

37-60 

3-13 

0-56 

1-92 

0-65 

0-23 

0-333 

0-216 

0-549 

0-550 

99-8 
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§  276.  Adulterations  of  Wine. — The  adulterations  of  -wine 
bought  at  a  fail-  price  from  respectable  firms  do  not  appear 
numerous  ;  but,  on  the  other  hand,  low-priced  wines  (especially- 
such  as  are  retailed  to  the  poor,  and  are  supplied  to  workhouses) 
are  often  of  extremely  bad  quality,  and  sometimes  entirely  ficti- 
tious.* Thus  Ports  are  fortified  with  brandy,  coloured  by 
various  ingredients,t  plastered  with  gypsum  and  mixed  with 
inferior  wines  ;  salt  of  tartar  and  cenanthic  ether  are  often  added 
to  give  an  appearance  of  age,  alum  to  increase  the  brilliancy  of 
hue  ;  and  occasionally  (as  an  impurity,  or  as  an  unintentional 
adulterant)  lead  and  other  metals  are  detected.  Sherries,  again, 
are  plastered  and  fortified  to  a  considerable  extent,  and  Clarets, 
Madeira,  and  Champagnes  are  all  subject  to  somewhat  similar 
sophistications. 

§  277.  Analysis  of  Wine. — A  complete  analysis  of  wine  em- 
braces the  following  : — 

1.  Determination  of  alcohol. 

2.  Percentage  of  solid  residue. 

*  Dr.  A.  Cameron  has  found  in  Port  wine  supplied  to  Irish  workhouses 
12  per  cent,  of  solid  residue,  one-half  of  which  was  composed  of  grape  sugar. 
According  to  Maumene,  the  Russian  military  pharmacopceia  contains]  the 
foUomng  receipt  for  making  a  Port  wine  : — Cider,  3  Idlogrms. ;  kino,  '008 
kilogrm. ;  Old  Hock,  with  cider,  3  kilogrms. ;  hrandy,  1  kilogrm. ;  nitric 
ether,  alcoholised,  -008. 

t  Geropiga. — The  use  of  geropigain  the  manufacture  of  Port  wines  engaged 
much  the  attention  of  the  Excise,  in  1849,  and  has  preserved  for  us  some 
interesting  correspondence.  There  is  extant  a  letter  from  Consul  Johnstone 
to  Lord  Palmerston,  in  which  the  Consul,  writing  from  Oporto,  states 
that  every  pipe  of  geropiga  contains  about  35  imperial  gallons  of  hrandy ; 
the  other  ingredients  being  colouring  and  sweetening  matters,  and  iinfer- 
inented  graj^e  juice.  He  also  gives  it  as  his  opinion,  that  geropiga  was 
used  to  give  to  wines  the  appearance  of  possessing  qualities  which  thej'^  had 
not,  and  of  conceahng  the  bad  qualities  which  they  had.  The  absolute 
alcohol  of  the  geropiga  was  about  35  per  cent.,  but  the  qualities  and 
strength  varied  much.  It  appears  to  have  been  a  coarse  liqueur  made  with 
must,  brandy,  and  elder-berries.  From  the  same  correspondence  we  are 
enabled  to  trace  the  evil  influence  of  the  professional  "tasters,"  of  whom 
there  were  twelve  in  Oporto,  where,  agreeably  to  the  law,  "the  trials  of 
wine  lasted  seven  hours  daily."  The  tasters  for  about  six  consecutive  hours 
were  busily  engaged  in  tasting  promiscuously  all  sorts  of  -svine— sweet  and 
^i^Tj  light,  full,  strongly  alcoholised,  or  the  reverse — each  of  them  trying 
from  150  to  300  samples  m  the  six  hours.  It  was  from  the  verdicts  of  these 
men  that  the  wines  were  arranged  according  to  their  quality.  Naturally 
enough,  their  jaded  palates  were  quite  incapable  of  appreciating  the  liner 
qualities  and  delicate  shades  of  difference,  and  it  need  cause  no  surprise  to 
liud  the  Consul  remarking  that  "in  the  Douro  this  practice  occasions 
extensive  sophistications,  and  leads  to  the  confoundins  of  various  wines  of 
that  district." 
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3.  Estimation  of  succinic  acid  and  glycerine. 

4.  „  volatile  and  fixed  acids. 

5.  „  etliers. 

6-  „  sugar. 

7-  „  albuminoiis  matters  and  ammonia. 

8.  „  tannin. 

9.  Examination  of  the  colouring-matters. 
10.  Estimation  and  analysis  of  ash. 

1.  Alcohol. — Wines,  in  regard  to  their  alcoholic  content,  may 
be  divided  into  two  classes — viz.,  natural  tuines,  the  sti-ength  of 
which  has  not  been  increased  by  the  addition  of  spirit;  and 
fortified  ivines,  such  as  those  of  Spain  and  Portugal,  which 
absolutely  require  the  addition  of  a  certain  amount  of  spirit  to 
preserve  them.  Natural  wines  contain  as  a  minimum  6»  per 
cent.,  and  as  a  maximum  a  little  over  12  per  cent.,  of  absolute 
alcohol  by  weight.  The  percentage  of  alcohol  in  fortified  wines 
depends,  of  course,  entirely  on  the  operator;  it  appears  to  range 
usually  from  12  to  22  per  cent,  by  weight.  The  alcohol  is  re- 
turned as  ethylic,  but  there  are  always  traces  of  the  higher 
homologous  alcohols — e.g.,  propylic,  butylic,  and  amylic.  If  the 
analyst  desires  to  estimate  the  different  proportions  of  these,  a 
large  quantity  of  wine  must  be  distilled,  the  distillate  redistilled 
in  fractions,  and  ultimately  oxidised  into  the  corresponding  acids, 
the  latter  being  more  easily  separated  than  the  alcohols.  The 
method  of  determining  the  alcohol  in  wine  differs  in  no  essential 
featui-e  from  tlie  processes  described  at  p.  378. 

2.  The  Solid  Residue. — The  dry  extract  from  pure  natural 
wines  is  from  1'5  to  3  per  cent.;  the  presence  of  sugar  in 
fortified  wines  may  raise  the  extract  to  G'8  or  10  per  cent.  The 
solid  residue  may  be  taken  by  simply  evaporating  10  cc.  to 
dryness,  which  can  be  done  rapidly,  without  any  decomposition 
of  the  solids,  by  using  a  large  flat  platinvim  dish,  and  thus 
spreading  the  10  cc.  out  in  a  tliin  layer.  This  method  is, 
however,  somewhat  inconvenient,  and  causes  a  loss  of  glycerine; 
therefore,  the  indirect  process  for  beer,  given  at  p.  415,  may  be 
employed  instead,  wine  extract  being  considered  equal  in  density 
to  malt  extract.*    But  in  wines  containing  much  ash  (since  the 


*  A.  Gautier  (Annalci  (Vllyr/ihie  PuhUqne,  t.  .\lvii.,  118,  1877)  li.is  recom- 
mended in  all  cases  the  evaporation  of  .5  cc.  of  wine  on  a  watch-glass,  in  a 
vacuum,  without  the  application  of  artificial  heat.  This  method  takes  from 
two  to  six  daj's,  according  to  the  temperature,  for  completion,  so  that  it  ia 
scarcely  a])[)licable  for  technical  purposes ;  but  it  is  cvideut  that  a  heat  of 
30^,  wliilst  greatly  expediting  the  process,  would  in  no  way  impair  its 
accuracy. 
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mineral  constitiients  of  the  latter  seriously  affect  specific  gravity, 
containing  in  a  given  specific  gravity  about  twice  as  much 
substance  in  solution  as  a  sugar  solution  of  the  same  gravity), 
it  is  necessary  to  subtract  from  the  percentage  of  extract  thus 
estimated,  the  percentage  of  ash  found  in  the  same  wine;  or  if 
the  amount  of  extract  without  the  ash  is  required,  twice  the 
percentage  of  ash  has  to  be  subtracted  from  the  percentage 
found.    Dupr6  and  Thudichum  give  the  following  examples : 

EONENTHALER,  1859  (£15  Ohm). 

Per  cent. 

Specific  gra^aty  of  de-alcoholised  wine,  .       .       .       1008 '01 
Percentage  of  extract  (see  table,  p.  416),    .       .  2'041 
Percentage  of  ash  found,    .....  0'170 


Total  solid  constituents,  ....  3*952 
To  find  total  solids  minus  ash,  subtract  again    .  0*170 


Total  solid  constituents,  ....  1701 
Sherry,  1865. 

Specific  gravity  of  de-alcoholised  wine,  .       .       .  1017'56 
Percentage  of  extract  from  specific  gravity  (see 

table,  p.  416)   4-467 

Percentage  of  ash  found,   0'515 


3-952 

Subtract  ash,  0-515 


Total  solid  constituents,  ....       3  '437 

H.  Hager,*  after  evaporating  off  the  alcohol,  and  making  up 
the  wine  to  its  original  volume  by  means  of  water,  determines 
the  amount  of  extract  from  the  following  table,  which  is  based 
on  his  own  experiments,  and  differs  a  little  from  the  malt  extract 
table  p.  416. 

The  extract  and  amount  of  alcohol  being  known,  it  is,  in  cer- 
tain instances,  possible  to  detect  the  watering  of  wine,  although 
such  a  diagnosis  can  only  be  made  when  the  analyst  is  inti- 
mately acquainted  with  the  kind  of  wine  under  examination, 
and  in  some  cases  with  the  characters  of  the  particular  vintage. 
The  Bordeaux  wines,  according  to  Girardin  and  Pressier,  give 
almost  always  the  same  amount  of  extract,  varying  only  within 
the  imits  of  20  to  20-8  grms.  the  litre;  and  the  proportion  of 
alcohol  also  is  fairly  constant — viz.,  from  -005  to  -015,  the  mean 
being  -010  per  litre.     From  these  data  they  calculated  the 

*  Chem.  Centrhl.,  1878,  415. 
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TABLE  XLV. 


Per  cent,  of 
Extract. 

Specific 
gravity,  la°-0 

Per  cent,  of 
Extract. 

Specific 
gravity,  15»-9 

Per  cent,  of 
Extract. 

Specific 
gravity,  l5°-0 

0-50 

1-0022 

5-25 

1-0239 

10-00 

1-0461 

0-75 

1-0034 

5-50 

1-0251 

10-25 

1-0473 

1-00 

1-0046 

5-75 

1-0263 

10-50 

1-0485 

1-25 

1-0057 

6-00 

1-0274 

10-75 

1-0496 

1-50 

1-0068 

6-25 

1-0286 

11-00 

1-0508 

1-75 

1  -0079 

6-50 

1-0298 

11-25 

1  -0520 

2  00 

1-0091 

6-75 

1-0309 

11-50 

1-0532 

2  25 

1-0102 

7-00 

1-0321 

11-75 

1-0544 

2-50 

1-0114 

7-25 

1-0332 

12  00 

1-0555 

2-75 

1-0125 

7-50 

1-0343 

12-25 

1-0567 

3  00 

1-0137 

7-75 

1-0355 

12-50 

1-0579 

3-25 

1-0148 

8-00 

1-0367 

12-75 

1-0591 

3-50 

1-0160 

8-25 

1-0378 

13-00 

1-0603 

3-75 

10171 

8-50 

1-0390 

13-25 

1-0614 

4-00 

1-0183 

8-75 

1-0402 

13  50 

1  -0626 

4-25 

1-0194 

9-00 

1-0414 

13-75 

1  -0638 

4-50 

1-0205 

9-25 

1  -0426 

14  00 

1-0651 

4-75 

1  -0216 

9-50 

1  -0437 

14-25 

1-0663 

5-00 

1-0228 

9-75 

1  -0449 

[N.B.  The  specific  gravity  increases  or  diminislies  -00024  for  each  degree.] 

amount  of  genuine  wine  present  in  any  samples.  Thus,  suppos- 
ing the  extract  in  a  Bordeaux  wine  to  be  14-5,  then 

-         1000x14:5^^^  ^^725-00 

i.e.,  the  litre  contains  725  cc.  of  wine,  the  rest  being  alcohol  and 
water.  To  know  the  quantity  of  alcohol  added,  it  is  necessary  to 
ascertain  how  much  the  72-5  parts  of  wine  contain  of  absolute 
alcohol; 

10  :  10  :  :  72-50  :  x 
x=1-25. 

If  the  absolute  alcohol  is  found,  for  example,  to  be  0-11,  then, 
subtracting  7-25  from  11,  it  is  supposed  that  3-75  of  alcohol  has 
been  added. 

That  this  process,  as  applied  to  the  Bordeaux  wines,  is  in  the 
main  correct,  is  supported  by  the  fact  that  the  Rouen  wine-mer- 
chants have  frequently  paid  duty  on  the  excess  of  alcohol,  &c., 
which  Girardin  and  Pressier  found  in  their  wines. 
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§  278,  3.  Estimation  of  Succinic  Acid  and  Glycerine. — Half  a 
litre  to  a  litre  of  wine  is  decolourised  with  animal  charcoal, 
filtered,  and  the  charcoal  well  washed  with  water;  the  filtrate 
and  washings  are  then  evaporated  down  in  the  water-bath,  and 
the  drying  finished  in  a  vacuum.  The  residue,  when  dry,  is 
treated  with  a  mixture  of  one  part  of  strong  alcohol  and  2J- 
parts  of  rectified  ether.  The  latter  is  driven  off"  by  fioating  the 
dish  in  warm  water,  and  the  whole  evaporated  again  on  a  water- 
bath.  The  residue  is  now  neutralised  with  lime-water,  which 
combines  with  the  succinic  acid,  and  forms  succinate  of  calcium. 
The  glycerine  is  dissolved  out  by  alcohol  and  ether,  and  weighed 
either  directly  or  by  loss.  The  sviccinate  of  calcium  remaining 
behind  is  impure,  and  should  be  well  washed  with  spirit  before 
weighing.  Every  100  parts  of  calcic  succinate  equals  75-64  of 
succinic  acid  (HgC^H^O^) ;  and  since  Pasteur  has  shown  that 
112-8  parts  of  grape  sugar  (107  of  cane)  yield  about  3-6  of 
glycerine  and  0-6  part  of  succinic  acid,  it  follows  that  in  a 
natural  wine  the  glycerine  would  amount  to  about  one-fourteenth 
part  of  the  alcohol  present. 

Reichardt  recommends  the  following  process: — To  100  cc.  of 
wine  (decolourised  by  animal  charcoal,  should  it  be  a  red  wine), 
5  grms.  of  freshly  slaked  lime  are  added,  and  evaporated  to 
dryness.  The  residue  is  powdered  and  exhausted  by  digestion 
for  a  few  hours  with  30  cc.  of  absolute  alcohol,  or  7  cc.  ether^  and 
23  alcohol  of  90°.  The  liquid  is  filtered  and  evaporated  to 
dryness  under  100°  in  a  tai'ed  dish,  and  the  product  weighed. 

Konig*  combines  Pasteur  and  Reichardt's  processes,  that  is,  he 
recommends  the  evaporation  with  burnt  lime,  and  extracts  with 
100  parts  of  90  per  cent,  alcohol,  and  150  parts  of  ether; 
evaporates  the  ether-alcohol  ofi"  at  from  40°  to  50°,  and  weighs. 

Stierlint  evaporates  the  liquid  without  any  addition  to  one-fifth 
or  one-sixth  of  its  volume,  extracts  with  hot  absolute  alcohol,  and 
uses  this  alcoholic  extract  for  the  estimation  of  the  sugar,  non- 
volatile acids,  bitter  matters,  alkaloids,  and  glycerine.  For  the 
estimation  of  the  last,  a  measured  portion  of  the  alcoholic  extract 
is  freed  from  alcohol  by  evaporation,  and  then  evaporated  down 
to  dryness  with  slight  excess  of  caustic  lime.  The  glycerine  is 
extracted  with  ether  alcohol  and  ether  (2:3),  or  with  alcohol  and 
chloroform.  (See  also  the  process  for  extracting  glycerine  from 
heer,  p.  425.) 

Raynaud  has  pointed  out  that  although  the  processes  in 

*  Konig.    "Tasclienbuch  der  Nahrungs.-n.  Genussmittel-Lehre.^'  Niird- 
lingeu,  1878. 

t  Sticiliu.    "  Das  Bier,"  &c.    Bern,  1879. 
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use  for  the  estimation  of  glycerine  are  fairly  exact,  yet  with 
plastered  wines  too  high  results  are  obtained  ;  for  if  there  is  any 
considerable  amonnt  of  sulphate  of  potash,  it  is  decomposed  by 
lime,  and  hydrate  of  potash  is  formed,  which  is  dissolved  by 
glycerine  in  the  presence  of  alcohol,  and  is  weighed  with  it.  He 
therefore  recommends  the  following  process : — The  liquid  operated 
upon  is  evaporated  to  about  one- fifth  of  its  volume,  and  the  potash 
precipitated  by  hydrofliiorsilicic  acid  and  filtered.  The  filtrate  is 
made  Aveakly  alkaline  by  the  addition  of  hydrate  of  baryta;  sand 
is  also  added,  and  the  mass  is  evaporated  to  dryness  in  a  vacuum  ; 
the  dry  residue  is  then  extracted  with  a  very  large  vokime  of 
absolute  alcohol  and  ether,  as  much  as  300  cc.  for  250  cc.  of  wine 
being  recommended.  With  the  improved  processes  of  extraction 
which  we  now  possess,  however,  this  is  quite  unnecessary,  and 
50  to  100  cc.  in  a  Soxhlet's  apparatus  (see  p.  67)  will  have  quite 
the  same  efiect  as  a  much  larger  quantity.  On  the  evaporation  of 
the  alcohol  and  ether,  the  glycerine  is  allowed  to  stand  for  twenty- 
four  hours  in  a  vacuum  over  phosphoric  anhydride  ;  finally,  it  is 
put  into  a  tube,  a  perfect  vacuum  formed,  and  distilled  into  the 
cool  part  of  the  tube  by  a  temperature  of  180°. 

Lallien*  has  proposed  the  volumetric  determination  of  glycerine 
by  titration  with  chameleon,  but  Liebermannt  has  examined  both 
Griessmayer  and  Lallien's  processes,  and  they  appear  to  be 
untrustworthy,  for  the  most  part  giving  results  too  low.  It  is 
evident  that  a  carefiil  determination  of  the  glycerine  in  a  natural 
wine,  and  its  proportion  to  the  alcohol  present,  combined  with 
the  percentage  of  dry  extract,  will  greatly  help  to  solve  the 
question  as  to  whether  water  has,  or  has  not,  been  added. 

§  279.  4.  Acids  in  Wine.—AW  wines  possess  an  acid  reaction^ 
due  to  acids,  which  are  conveniently  divided  into  volatile  and  fixed. 
The  volatile  acid  of  sound  wine,  according  to  Pasteur,  never 
exceeds  2  to  3  decigrms.  per  litre ;  in  wines  a  little  deteriorated 
much  higher  values  may  be  found.  Dr.  Dupre  puts  the  amount 
of  volatile  acid,  expressed  in  terms  of  acetic  acid,  as  0*3  to  O'G 
per  cent,  by  weight  in  volume.  About  one-fourth  of  the  total 
acidity  in  white  natural  wines  should  be  due  to  volatile  acids, 
and  in  red  and  fortified  wines  the  volatile  shoiild  not  amount  to 
more  than  aboiit  one-third  of  the  total  acidity.  The  non-volatile 
acids  appear  to  be  chiefly  malic  and  tartaric  (sometimes  part  of 
the  tartaric  .being  replaced  by  succinic);  the  former,  according  to 
Dupro,  predominating  in  pure  natural  wines,  and  largely  so  in 

*  Bull.  Soc.  Chim.,  xxxiii.  259. 

+  Liebermanii  :  "  Ucber  die  Mcthodcn  von  Gricssinaycr  u.  von  Lallien  zur 
Bestimmung  von  Glycerin  in  Bier."  Vcrlumdimtgen  den  Vereins  zur 
Beforderun<j  des  Qeiverhjleisses,  1880. 
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fortified  liquors ;  whilst  in  plastered  wines  it  is  often  present  to 
the  total  exclusion  of  tartaric  acid. 

In  artificial  wines,  it  is  common  enough  to  find  a  considerable 
amount  of  free  tartaric  acid ;  but  the  mere  detection  of  free 
tartaric  acid  is  not  enough  to  prove  adulteration,  since  this  is 
found  in  small  quantity  in  many  natural  wines.  If,  however, 
Avith  a  small  amount  of  free  acid  there  is  a  prepondei'ance  of 
tartaric  acid,  then  sophistication  may  be  susjoected.  It  has  been 
suggested  that  such  free  acid  may  be  recovei-ed  from  the  wine 
by  agitation  with  ether,  but  J.  Nessler,  in  a  direct  experiment, 
could  only  recover  3-93  per  cent,  of  the  free  tartaric  acid  pi-esent 
when  the  wine  was  directly  treated  with  ether;  25  per  cent,  when 
the  wine  was  evaporated  to  a  syrup.  He  recommends  the  fol- 
lowing processes  : —  . 

The  wine  is  agitated  with  tartar  and  divided  into  two  parts,  to 
one  of  which  a  few  drops  of  concentrated  acetate  of  potassium 
solution  is  added,  and  the  mixture  carefully  observed,  noticing 
whether  any  tartar  crystals  form.  Errors  are  avoided  by  compar- 
ing the  one  portion  to  which  a  few  drops  of  the  potassium  acetate 
has  been  added,  with  the  other  portion  to  which  no  acetate  has  been 
added,  the  separation  of  the  tartar  crystals  being  a  proof  of  free 
tartai'ic  acid  in  the  wine.  Free  sulphuric  acid  may  be  detected 
by  means  of  the  quinine  test  described  in  the  article  on  Vinegar. 

A  strip  of  filter  paper  steeped  for  several  hours  in  wine,  and 
then  dried,  is  brittle  if  either  acid -potassium -sulphate,  or  free 
sulphuric  acid  is  present. 

The  principal  volatile  acid  is  acetic,  but  it  is  always  accompanied 
by  formic,  propionic,  butyric,  and  other  members  of  the  same  series. 
The  general  method  of  estimation  is  to  take  from  10  to  20  cc.  of 
the  wine  suitably  diluted,  and  titrate  with  d.  n.  soda,  using 
tiuctui'e  of  logwood  as  an  indicator,  the  result  being  the  total 
acidity.  On  now  evaporating  the  wine  on  the  water-bath  to  a 
syrupy  extract,  diluting  and  again  titrating,  the  loss  of  acidity 
corresponds  to  the  volatile  acid,  the  latter  being  expressed  in  terms 
of  acetic  acid,  the  non- volatile  as  tartaric  acid.  L.  Weisrert*  has 
shown  that  by  distilling  in  a  vacuum,  the  whole  of  the  acetic 
acid  can  be  obtained ;  40  or  50  cc.  of  the  wine  are  in  this  way 
boiled  to  di-yness,  water  added  to  the  dry  residue,  and  the 
process  thrice  repeated. 

A  very  difierent  and  highly  ingenious  method  of  diagnosing 
and  estimating  volatile  acids  has  been  proposed  by  E.  Duclaux. 
As  this  is  applicable  not  to  wines  alone,  but  also  to  beei's,  sour 
milk,  and  in  fact  to  all  liquids  developing  acids  of  the  acetic 
series,  it  will  be  described  at  length. 

*  Zeitsch.  fur  Anal ijt.  Chemie,  1S79,  207. 
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§  280.  Estimation  of  Volatile  Acids  by  the  Alethod  of  E.  Duclaux. 
— The  process  depends  upon  the  regularity  with  which  the 
different  volatile  acids  distil.  If  in  a  retort  of  from  250  to  300 
cc.  be  introduced  110  cc.  of  a  mixture  of  acetic  acid  and  water, 
and  100  cc.  (that  is  ^)  be  distilled,  the  quantity  of  acid  which 
has  come  over  is  found  to  be  80  per  cent,  of  the  whole,  or  very 
nearly  so.  Further,  if  the  100  cc.  be  successively  titrated,  in 
every  10  cc.  the  successive  numbers  thus  obtained  (indicating  the 
proportion  of  acid  passing  in  these  equal  volumes)  are  the  same, 
whatever  m  ay  be  the  quantity  of  acid  operated  upon,  provided 
the  acid  is  pure  ;  but  it  varies  very  sensibly  should  there  exist  even 
feeble  traces  of  the  fatty  acids.  It  is  then  sufficient  to  study  the 
course  of  the  distillation  of  the  acids  in  order  to  know  their 
nature.  In  a  general  way,  foreign  matters  exercise  only  a  slight 
influence;  but  it  is  always  best  to  eliminate  them  as  far  as  possible 
by  operating  on  a  first  or  second  distillation. 

For  the  titration,  M.  Duclaux  uses  lime-water  standardised  by 
sulphuric  acid.  The  size  of  the  retort  does  not  exercise  the  great 
influence  which  might  be  expected ;  but  it  is  well  to  use  one  of 
about  300  cc.  capacity,  for  the  experimeUits  on  which  the  tables 
are  founded  were  conducted  in  retorts  which  varied  from  between 
250  to  350  cc.  The  slight  difference  in  the  results  from  a  retoi't 
of  800  cc,  as  compared  with  one  of  300  cc,  may  be  gathered  from 
the  following  table,  which  represents  the  distillation  of  110  cc.  of 
a  dilute  acetic  acid. 

The  two  series  of  numbers,  A  and  B,  are  obtained  by  titrating 
each  10  cc,  until  100  cc.  have  come  over;  the  acetic  acid  in  the 
A  series  being  worked  out  in  percentage  of  the  whole  acid  found 
in  the  entire  distillate,  and  that  in  the  B  series  in  the  quantity  of 
acid  existing  in  the  retort. 


Estimation 

OF  Acetic 

Acid. 

Retort  of  800  cc. 

Eetort  of  300  cc. 

A. 

B. 

A. 

B. 

1.  . 

.  7-2 

7-4 

5-9 

2.  . 

.  14-7 

11-2 

15-3 

12-2 

3.  . 

.  22-7 

lC-9 

23-5 

18-7 

4.  , 

.  31-2 

23-7 

321 

25  G 

5.  . 

.  40-2 

30  6 

41-2 

32-9 

6.  . 

.  49-9 

32-9 

50  9 

40-6 

7.  . 

.  60-2 

45-3 

61-3 

48-9 

8.  . 

..  71-9 

.54  7 

72-5 

57-9 

9.  . 

.  85-3 

G4-8 

85-2 

C7-9 

10.  . 

.  1000 

75  9 

100-0 

79-8 

It  would  ajipear  that  the  quantity  of  acid  whicli  vaporises 
at  a  given  moment,  is  proportional  to  that  which  exists  in 

30 
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that  same  moment  in  the  heated  liquid ;  and  when  the  quantities 
of  water  distilled  increase  in  an  ai-ithmetical  progression,  the 
quantities  of  acid  increase  in  a  geometrical  progression. 

Let  y  be  the  quantity  of  acid  existing  at  any  moment  in  the 
Tolume  X  of  the  liquid  remaining  in  the  retort;  the  quantity  of 
acid  dy,  which  will  volatilise  with  the  volume  d\  of  the  liquid 
will  be  evidently  first  proportional  to  dK  and  then  to  y.   Thus — 

whence  may  be  educed  (calling  y  the  total  weight  of  acid  exist- 
ing at  the  commencement  in  the  volume  L  of  the  liquid), 

;2/-ZY  =  ?^=-K(L-x) 


?/  =  Ye 


■a;{L->.) 


Let  a  be  called  the  quantity  Y  -    of  acid  which  distUs  when 

L-x  =  Z  =  Li 


has  been  removed  from  the  liquid;  then  we  have 

V 


a=Yl-s 


The  following  table  shows  that  acetic  acid  obeys  this  law;  tlie 
figures  in  the  second  column  are  calculated  by  the  formula 


a  found,    a  calculated. 

1.  .       5-9  5-2 

2.  .      12  "2  ]2'2 

3.  .      18-8  187 

4.  .      25-6  25-4 

5.  .     32-9  32-7 


G. 
7. 
8. 
9. 
10. 


a  found,  a  calculated. 
40-5  40-5 
4S-7  48-7 
57-9  57-8 
67-7  C6-() 
79 -S  70-3 


Butyric  acid  obeys  the  same  law;  but  it  has  a  method  of  dis- 
tillation in  some  sense  inverse  to  that  of  acetic  acid,  and  passes 
in  greater  abundance  in  the  first  portions.  The  following  table 
gi"'  es  the  experimental  and  the  calculated  numbers  found  in 
distilling  a  mixture  of  butyric  acid  and  water,  in  the  manner 
before  described. 

TJie  formula  for  calculation  is — 
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451 


147 


•5^1  -  i 


omi\ 

11  / 


A. 

B. 

B  calculated. 

1. 

16-8 

16-1 

16-8 

2. 

31-9 

31-1 

31-4 

3.  '. 

45-4 

44-3 

44-4 

4. 

57-7 

56-1 

55 -S 

5. 

67-9 

66-2 

66-1 

6. 

77-2 

75-3 

75-1 

7. 

85  0 

82-9 

83-2 

8. 

91-4 

89-2 

90-3 

9. 

96-4 

94-0 

96-6 

10. 

.     100  0 

97-5 

102-4 

It  is  thus  seen  that  the  numbers  are  very  different  from  those 
of  acetic  acid,  and  that  neai'ly  the  whole  of  the  acid  is  obtained. 
Propionic  acid. — Formula  for  calculation — 


Formic  Acid. — 


1. 
2. 
3. 
4. 
5. 
G. 
7. 
8. 
9, 
10. 


7ft-357^1-  e 

-0-033 A 
11  ) 

A. 

B. 

B  calculated. 

1. 

11-3 

10-5 

10-8 

2. 

22-8 

21 -i 

21-4 

3.      '.  '. 

34  0 

31-5 

31-5 

4. 

44-6 

41-4 

41-4 

5. 

55-3 

51-3 

51-1 

6. 

65-4 

60-6 

60-3 

7. 

74-7 

69-5 

G9-3 

8. 

84-0 

78-0 

78-0 

9. 

92-5 

85-8 

86-5 

10. 

100  0 

92-8 

95-3 

Valerianic  Acid. — 

B. 

B. 

1. 

24-0 

G. 

85 -7 

2. 

44-5 

7. 

89-7 

3. 

59-5 

8. 

92-8 

4. 

71-3 

9. 

95-4 

5. 

79-5 

10. 

96-9 

/=30-2  (c^^\^^^l) 


A. 

5-5 
11-9 
18-5 
25-7 
.34  0 
431 
53  1 
65-2 
79-8 
1000 


B. 
3-5 
7-G 
11-8 
16-3 
21  G 
27-3 
33-7 
41-4 
50-7 
G3-5 


calculated. 

3-5 

7-3 
11-6 
16-3 
21-6 
27-5 
34-1 
41-4 
49-7 
58-8 
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Passing  from  the  single  acids  to  the  behavioui-  of  mixed  vola- 
tile acids,  it  is  found  that  each  acid  distils  in  the  same  proportion 
as  if  it  existed  individually  in  the  liquid.  Thus  Duclaux  found 
a  mixture  of  equivalent  quantities  of  butyric  and  acetic  acids 
behave  as  follows : 


A 

B. 

B  calculated. 

1. 

12-7 

11-4 

11-4 

2. 

24-8 

221 

22-1 

3. 

35-9 

32  0 

32-1 

4. 

46-4 

41-4 

41-6 

5. 

56-3 

50-3 

50-5 

6. 

65-7 

58-6 

58-9 

7. 

74-5 

66-4 

67-0 

8. 

S3-1 

74-1 

74-4 

9. 

91-4 

81-6 

82-2 

10. 

100-0 

89-3 

90-0 

1111.0.  ULLIO  Ul  ^ 

to  1  of  acetic  acid,  when  distil 

gave  the  following 

series : — 

A. 

B. 

B  calculated. 

1. 

14  0 

12-8 

12-8 

2. 

26-1 

25  1 

24-8 

3. 

35-5 

36-2 

35-9 

4. 

50-6 

46-4 

461 

5. 

60  6 

55-5 

55-3 

6. 

69-8 

63-9 

63-9 

7.  . 

78-4 

71-7 

71-8 

8. 

86-0 

78-7 

791 

9. 

93-1 

85-2 

85-6 

10. 

100  0 

91-6 

92  0 

Hence  it  follows,  that  it  is  possible  to  obtain  from  fractional 
distillation  a  knowledge  of  the  nature  and  quantity  of  the  volatile 
acids  existing  in  the  liquid.  Theoretically,  ten  diflerent  equa- 
tions might  be  educed,  and  ten  volatile  acids  determined ;  but 
in  practice  this  is  not  possible ;  and  should  there  be  even  three 
volatile  acids,  it  is  better  to  make  a  new  distillation  after  a  partial 
saturation,  which  will  almost  comjjletely  arrest  one  of  the  acids, 
and  let  only  two  pass  into  the  receiver. 

As  an  example  of  the  method  of  calculation,  the  following 
table  gives  the  i-esults  of  the  distillation  of  a  certain  wine,  A  and 
B  having  the  same  signification  as  before  : — 


A. 

B. 

M. 

N. 

1. 

9-6 

S-G 

1-2 

3-2 

2. 

19-2 

17-3 

1-1 

31 

3.  . 

28 -S 

26  0 

1-0 

3  0 

4. 

38-4 

34-7 

10 

2-8 

5.  . 

48-2 

43-5 

1-0 

2-5 

6. 

57-9 

52-2 

1-0 

2-5 

7.  . 

67-8 

611 

1-0 

2-2 

8. 

77-9 

70-2 

10 

2  1 

9. 

88-5 

79-9 

ro 

1-6 

10. 

.  1000 

90-2 

11 

1-3 
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From  the  B  series  there  should  be  acetic  acid  mixed  with 
either  propionic  or  butyric  acids.  In  order  to  know  which  of 
the  two  is  present,  a  double  calculation  is  necessary.  Turning 
to  the  tables  giving  the  numbers  obtained  for  the  first  10  cc.  in 
the  distillation  of  pure  acetic  and  pure  propionic  acids  (pp.  450 
and  451),  we  find  for  the  former  5-2,  for  the  latter  10"5  ;  then, 
by  the  following  equation,  the  numbers  in  the  column  M  are 
obtained — 

8-6x  +  y  =  5-2x  +  l0-5y 

X 

y 

Analogous  calculations  give  for  -  the  series  of  numbers  con- 

X 

tained  in  N,  if  butyric  acid  is  thought  to  be  present ;  it  now 
becomes  evident,  that  the  mixture  was  formed  of  equivalent 
parts  of  acetic  and  propionic  acid.  In  order,  however,  to  avoid 
long  calculations,  it  is  better  to  make  tables  of  reference  with 
various  mixtures,  so  that  in  most  experiments  the  quantities  will 
fall  somewhere  near  those  given  in  the  tables,  and  at  all  events 
be  a  guide.  In  the  following  tables  A  and  B  have  the  same 
signification  as  before,  and  110  cc.  are  supposed  to  be  distilled  in 
the  manner  described,  in  a  retort  of  about  300  cc.  capacity  : — 


TABLE  XLVI. — Mixtuees  of  Acetic  Acid  (a)  and  Propionic 

Acid  (?«). 


a     r,C8  2 

a  _  .331  _  1 

m     Z-m  1 

m     3^G  I 

A. 

B. 

A.  . 

B. 

1.  . 

9-1 

7-7 

9-7 

8-5 

2.  . 

18-4 

15-6 

19-4 

17-0 

3.  . 

27-8 

23  G 

29-2 

25 -G 

4.  . 

37-3 

31G 

38 '9 

34-1 

5.  . 

4G-9 

39-8 

48-6 

42-7 

G.  . 

56-6 

48-0 

58-6 

.51-4 

7.  . 

06 -G 

5G-5 

08  T) 

GO- 1 

8.  . 

77-0 

G5'2 

78  G 

G8-9 

9.  . 

88-0 

746 

89-1 

78-2 

10.  . 

100-0 

84-8 

100  0 

87 -7 
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TABLE  XLVIII.— Mixtures  of  Acetic  Acid  (oi),  ok  of  Butyric 
Acid  (b),  with  Valerianic  Acid  (v). 


a  _  593  _  .5 

a  _  29G  _  5 

6  _  291  _  5 

V     lis  1 

V      23t;  4 

A. 

B. 

A. 

B. 

A. 

B. 

1.  .  . 

11-1 

9-1 

lC-3 

14-3 

20-6 

20-0 

2. 

20-8 

17-2 

30-3 

26-5 

38-3 

37-0 

3.  . 

30-5 

25-1 

42-4 

37-0 

52-9 

51-0 

4.    .  . 

39  9 

32-8 

52-5 

45-9 

64-6 

62-4 

5.    .  . 

48-9 

40-3 

(51-3 

53-6 

74-5 

71-9 

6.    .  . 

57-9 

47-7 

69-3 

GO -5 

82-1 

79-3 

7.    .  . 

67-2 

5.5-4 

76 -C 

66-9 

88-2 

85 -2 

S.    .  . 

77-0 

63-4 

84-0 

73-4 

93-2 

90-0 

9.    .  . 

87-5 

72 '2 

91-5 

80-0 

96-9 

93-3 

10.    .  . 

100-0 

82-4 

100-0 

87-4 

100-0 

96-8 

TABLE  XLIX.  —Mixtures  of  Acetic  Acid  (a)  with  Formic  Acid  (/). 


a  _  593  _  2 

fi  _  29fi  _  1 

(J  _  29S  _  1 

/      293  1 

/      293  1 

/    ■  6SG  2 

A. 

B. 

A. 

B. 

A. 

B. 

1.  .  . 

6-6 

4-9 

G-1 

4-3 

60 

4-1 

2. 

140 

10-4 

13-5 

9-5 

13-2 

9-2 

3.    '.  '. 

22-1 

16-3 

21-1 

14-8 

20-6 

14-3 

4.    .  , 

30-2 

22-3 

28-9 

20-3 

28-6 

19-9 

5.    .  . 

39-1 

28-9 

37 -S 

26-6 

37-1 

25-7 

6.    .  . 

48-5 

35-9 

43-8 

33-0 

46-4 

32-2 

7.    .  . 

.59-2 

43-8 

57-2 

40-3 

56-5 

39-3 

8.    .  . 

70-6 

52-3 

68-9 

48-5 

68-4 

47-5 

9.    .  . 

83-8 

62-0 

82-7 

58-2 

81-9 

56-9 

10.    .  . 

100-0 

74  0 

100  0 

70-4 

100-0 

69-4 

It  now  only  remains  to  apply  the  preceding  principles  to  the 
examination  of  wines.  275,  or  550,  or  825  cc,  according  as  the 
wine  is  more  or  less  rich  in  alcohol,  is  agitated  strongly  (or  a 
current  of  air  passed  through  the  liquid),  in  order  to  free  it  from 
carbonic  acid  gas.  It  is  next  distilled  to  ten-elevenths,  air 
drawn  through  the  apparatus,  and  tlio  distillate  titrated  by  lime- 
water.    A  slight  excess  of  lime-water  is  next  added,  and  the 


156 


FOODS  ;  THEIR  COMPOSITION  AND  ANALYSIS. 


[§  280. 


liquid  is  concentrated  by  evaporation  to  about  250  cc,  in  order 
to  get  rid  of  the  alcohol;  1  grm.  of  glycerine  is  now  added,  and 
sufficient  tartaric  acid  to  put  the  fatty  acids  at  liberty. 

The  tartrate  of  lime  is  allowed  to  crystallise,  aud  the  liquid 
decanted  and  made  up  with  the  washing  water  to  275  cc,  after 
having  added  sufficient  tartaric  acid  to  ensure  that  on  completion 
of  the  distillation,  the  residue  will  be  nearly  as  acid  as  at  the 
end  of  the  first  operation — 1  grm.  of  tartaric  acid  per  litre  suffices 
for  this.  The  liquid  is  now  distilled  anew  to  ten-elevenths,  and 
the  whole  distillate  titrated  ;  the  relation  between  the  quantity 
of  lime-water  necessary  now,  and  that  of  the  first  saturation, 
will  serve  to  show  the  quantity  of  volatile  acid  existing  in  the 
wine  in  question. 

This  new  liquid  is  submitted  to  the  same  operations  as  before, 
adding  nothing  save  the  qtiantity  of  tartaric  acid  exactly 
necessary.  The  acid  liquid  is  made  up  to  165  cc,  of  which  150 
cc.  are  distilled  over,  50  cc.  out  of  the  150  cc.  are  titrated,  the 
remaining  100  are  made  up  to  110  cc.  with  water,  and  submitted 
to  fractional  distillation,  titrating  every  10  cc.  of  the  distillate. 
The  numbers  found  will  conduct  directly,  by  a  simple  calculation, 
to  the  knowledge  of  the  quantity  and  nature  of  the  volatile  acids 
in  the  wine.  Thus,  taking  a  wine,  the  resiilts  of  the  distillation 
of  which  are  given  in  a  tabular  form  at  p.  452 : — 

275  cc.  of  this  wine  were  distilled  to  250  cc. ;  these  250  cc.  re- 
quired for  neutralisation  316  cc.  of  lime-water  of  30"6  [i.e.,  30-6  cc. 
=  0-075  acid  acetic] ;  the  second  distillation  has  given  83-2  per  cent, 
of  the  acid  employed.    Hence,  for  275  cc. 

100 

316  cc.  X  =  379  cc.  of  lime-water. 

263 

The  third  and  last  distillation  showed  in  the  liquid  equal  parts 
of  acetic  and  propionic  acids ;  the  i^roportions  in  which  these  acids 
pass  over  are,  as  has  been  shown,  ^-^ ;  hence  the  third  and  last 
distillate  will  contain  51-2  jDer  cent,  of  the  total  acetic  acid  jDi-esent 
in  the  wine,  and  80-4  per  cent,  of  the  total  propionic  acid,  = 
in  equivalents  100  to  637  propionic  acid,  or  therefore  |^  of 
379  cc  or  231  cc.  was  neutralised  by  acetic  acid,  and  the 
remainder  by  propionic. 

In  order  to  discover,  by  this  method,  valerianic  acid,  which, 
it  would  appear,  exists  in  many  sound  wines  (in  about  the 
proportion  of  6  mgrms.  per  litre),  it  is  necessary  to  distil  a  con- 
siderable quantity  of  wine,  and  then  to  satui-ate  the  distillate 
to  nine-tenths  or  nineteen-twentieths.    In  this  way,  acetic  and 
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valerianic  acid  pass  almost  alone  into  the  receiver.  For 
instance,  7-7  litres  of  the  wine  alluded  to  before  (p.  452)  were 
distilled,  and  10  grms.  of  lime  salts  obtained  ;  sulphuric  acid  was 
added,  repi-esenting  nearly  one-fortieth  of  the  lime  salt,  and  then 
the  partially-decomposed  salt  distilled,  when  the  following  numbers 
were  obtained : — 


A. 

E. 

a 

V 

1.  . 

.  10-5 

8-7 

61 

2.  . 

.  20-5 

16-9 

61 

3.  . 

.    29  3 

24-1 

6-8 

4.  . 

.  38-1 

31-4 

6-9 

5.  . 

.  46-8 

38-6 

7-2 

6.  . 

.  55-6 

45-9 

7-5 

7.  . 

.  64-8 

53-4 

7-4 

8.  . 

.  75-2 

62  0 

7-5 

9.  . 

.  86-6 

71-4 

6-5 

10.  . 

.  100-0 

82-4 

6  0 

The  numbers  in  the  columns  A  and  B  correspond  in  no  way 
to  mixtures  of  acetic  acid  with  butyric  or  propionic.  With 
valerianic  acid,  on  the  contrary,  there  is  a  relation  constant 
enough,  as  the  fourth  column  shows,  the  slight  irregularities 
arising  probably  from  a  trace  of  butyric  acid. 

§  281.  Estimation  of  Tartaric  Acid  and  Bitartrate  of  Potash. — 
This  is  best  estimated  by  the  method  suggested  by  Berthelot : — 
20  cc.  of  wine  are  mixed  with  100  cc.  of  equal  volumes  of  alcohol 
and  ether  in  a  well-stoppered  flask.  The  same  process  is  employed 
to  another  20  cc,  but  with  the  addition  of  potash  in  sufficient 
quantity  to  neutralise  about  one-fifth  of  the  free  acid  present. 
Both  bottles  are  allowed  to  stand  two  or  three  days,  and  at  the 
end  of  the  time,  owing  to  the  insolubility  of  bitartrate  of 
potash  in  strong  alcohol,  there  will  be  a  deposit  of  that  salt  in 
both  bottles.  The  first  will  represent  the  bitartrate  of  potash 
present  as  such  ;  the  second,  the  whole  of  the  tartaric  acid  which 
the  wine  contains.  There  is,  however,  always  a  small  quantity  of 
bitartrate  in  solution,  about  '004  grm.,  equalling  -21  d.  n.  soda, 
and  this  amount  m\ist  be  added  to  that  found.  The  precipitates 
from  both  bottles  are  collected  on  separate  filters,  washed  with 
the  alcohol-ether  mixture,  dissolved  in  water,  and  titrated  with 
soda  solution. 

Direct  Estimation  of  Malic  Acid. — 100  cc.  of  wine  are  precipi- 
tated with  lime-water,  added  only  in  slight  excess ;  the  filtrate 
is  evaporated  down  to  one-half,  and  absolute  alcohol  added  in 
excess ;  the  resulting  precipitate,  consisting  of  malato  and  sul- 
phate of  lime,  is  then  collected  on  a  filter,  washed,  and  weighed. 
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If,  now,  the  sulphate  of  lime  in  this  sample  be  estimated  by 
solution  in  water,  and  precipitation  of  the  sulphuric  acid  by 
baric  chloride,  &c.,  and  the  amount  subtracted  from  the  total 
weight  of  the  precipitate,  the  remainder  equals  malate  of 
lime. 

5.  Estimation  of  Ethers  in  Wine. — The  compound  ethers  in  wine 
may  be  divided  into  volatile  and  non- volatile.  It  is  especially 
the  volatile  ethers  that  impart  a  character  to  the  wine,  and  give 
it  bouquet  and  odour.  The  proportion  of  volatile  to  fixed  ethers 
is  very  small  in  unfortified  wines,  but  the  reverse  is  the  case 
with  fortified  wines.  The  total  amount  of  ethers  is  extremely 
small ;  Dr.  Dupre  gives  about  one  part  of  compound  ether  in  300 
parts  of  wine  as  the  highest  proportion  he  has  yet  met  with.  The 
ethers  themselves  are,  of  course,  derived  from  conversion  of 
the  alcohols,  the  ultimate  amount  depending  entirely  on  the 
relative  proportion  of  alcohols,  acid,  and  water  present,  and 
not  being  dependent  on  the  nature  of  the  alcohols  or  acids. 
If,  as  sometimes  happens,  an  excess  of  compound  ether  is 
added  to  a  wine,  decomposition  will  at  once  begin,  until 
xiltimately  the  Avine  will  contain  no  more  than  it  would  other- 
wise have  reached  in  the  natural  order  of  things.  An  esti- 
mation of  the  ethers  is,  thei'efore,  of  the  greatest  possible  import- 
ance, as  it  enables  the  analyst  to  judge  of  the  age,  character,  ifec, 
of  the  wine. 

Berthelot  has  given  the  following  formula  for  the  calculation 
of  the  amount  of  alcohol  present  in  the  compound  ethers  of 
wine : — 

7/=M7  A  +  2-8 
^"  lUO 

A  is  the  percentage  of  alcohol  by  weight  in  the  wine ;  a  the 
amount  of  alcohol  equivalent  to  the  total  free  acid  (i-eckoned 
as  acetic)  contained  in  1  litre.  It  hence  follows  that  if  the 
amount  of  alcohol  present  as  ether,  found  by  experiment,  fairly 
agrees  with  the  calculated  amount,  etherification  is  com- 
plete, and  the  wine  must  be  of  a  certain  age;  if  the  compound 
ethers  exceed  the  proper  amount,  the  probability  is  that 
it  is  an  ai'tificial  wine ;  and,  lastly,  if  the  amount  of  ethers  is 
below  the  theoi-etical  standard,  either  etherification  is  not 
complete,  on  account  of  its  youth,  or  alcohol  has  been  recently 
added. 

Br.  Dupre,  taking  advantage  of  the  fact  that  all  ethers  (when 
treated  with  an  alkali)  break  up  into  their  respective  acid  and 
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alcohol,  indirectly  estimates  both  the  volatile  and  non-volatile 
ethers  as  follows : — 

250  cc.  of  Avine  are  distilled,  with  special  precautions  against 
loss,  until  200  cc.  have  come  over ;  the  distillate  is  now  made  up 
to  250  cc,  and  100  cc.  of  this  titrated.  Another  100  cc.  are 
decomposed  by  alkali  (a  known  amount),  and  again  titrated. 
The  second  100  cc.  will,  of  coui'se,  be  more  acid  than  the  first, 
and  therefore  the  amount  of  volatile  ether  can  be  estimated  from 
such  increase.  The  fixed  ether  is  determined  by  evaporating 
down  to  50  or  60  cc.  in  an  open  dish  on  the  water-bath ;  the 
residue,  which,  of  co\irse,  contains  no  alcohol,  is  rendered  alkaline 
■with  sodium  hydrate,  some  tannin  added,  and  the  whole  slowly 
distilled ;  the  fixed  ether  jiresent  is  resolved  into  an  acid  and  an 
alcohol,  and  the  latter  distilled  over ;  the  distillate  is  rendered 
slightly  acid  by  sulphuric  acid,  redistilled,  and  the  second  dis- 
tillate (which  may  amount  to  20  or  25  cc.)  oxidised  into  acetic 
acid  in  a  closed  flask  by  potassic  bichromate;  tlie  acetic  acid  is 
distilled  over  and  titrated. 

6.  The  Estimation  of  Sugar  in  Wine  is  carried  out  on  the  prin- 
ciples described  at  p.  113  et  seq. 

7.  Albuminoid  Substances. — The  albuminoid  substances  in  wine 
may  be  estimated  by  Mr.  Wanklyn's  well-known  ammonia 
process: — 5  cc.  of  the  wine  are  put  in  a  half-litre  flask,  and 
made  up  with  water  to  500  cc. :  {i.e.,  5  cc.)  of  this  is  distilled 
with  a  little  water  and  pure  carbonate  of  soda  (ammonia  free), 
and  the  ammonia  in  the  distillate  estimated  by  the  colorimetric 
process  known  as  Nesslerising.  An  alkaline  solution  of  per- 
manganate of  potash  is  then  added,  and  the  operation  repeated — 
the  ammonia  coming  over  now  being  the  result  of  tlie  breaking- 
up  of  albuminoid  bodies.  It  would  appear  that  in  ichite  wines, 
the  albuminous  matters  are  very  small  in  amount ;  while  in  red, 
and  most  young  wines,  there  is  an  excess  of  albuminous  matters, 
which  decreases  with  age  ;  hence,  in  experienced  hands,  a  deter- 
mination of  this  kind  may  help  to  distinguish  between  old  and 
new. 

Thudichuni  and  Dupr^  found  in  certain  wines  the  following 
amounts  of  ammonia  : — 


Ammonia  free.    Amraouia  albd. 


Per  cent.  Per  cent. 


Tntjelhcimer,  red,  . 
Port,  1851,  . 
Sherry,  aO  years  in  bottle, 
Madeira, 
Merstcraer,  . 
Natural  Port, 


0-0051  0-3730 

0-()04G  0-088S 

()0073  0-1807 

0  0021  0-1581 

0  0021  0-3550 

0-00 10  0-0.527 

00012  0-1700 


Port,  18G.5,  . 
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8.  The  tannin  of  wine  may  he  estimated  by  the  methods 
described  at  p.  332  et  seq. 

§  282.  9.  Estimation  of  the  Colouring-matter  of  Wine. — The 
colouring-matter  of  red  wines  has  been  termed  cenolin,  or 
cenocyanin,  and  has  also  received  other  names.  Glenard  has 
assigned  to  it  the  formula  C^qH-^qO^;  but  it  is  doubtful  whether 
it  has  ever  yet  been  sepai-ated  in  a  state  of  absolute  purity. 
The  process  used  by  Glenard  was — precipitation  with  lead 
acetate,  exhaustion  of  the  washed,  dried,  and  powdered  precipi- 
tate, first,  with  anhydrous  ether  saturated  with  HCl,  then  with 
pure  ether;  and,  lastly,  extraction  with  alcohol,  from  which  the 
cenolin  was  obtained  by  evaporation  as  a  bluish-black  powder 
insoluble  in  ether,  almost  insoluble  in  pure  water,  but  more 
readily  dissolved  in  acidulated  water,  acidulated  alcohol  dis- 
solving it  easily.  The  blue  colour  is  tui'ned  red  by  acid. 
CEnolin,  according  to  Vaserine,*  may  be  separated  from  wine 
by  mixing  the  latter  with  lime  to  the  consistency  of  a  paste, 
which  is  drained  on  a  funnel.  The  residue,  containing  the 
colouring-matter,  is  mixed  with  alcohol  of  95  per  cent.,  and 
treated  with  sufficient  sulphuric  acid  to  neutralise  the  lime  and 
decompose  the  compound  of  lime  with  the  colouring-matter. 
The  solution  is  filtered  from  calcium  sulphate,  and  on  evaporation 
leaves  cenolin  as  a  black  powder.  Solutions  of  cenolin  show, 
when  examined  by  the  spectroscope,  certain  bands,  and  the 
application  of  this  instrument  to  the  investigation  of  wines  is 
indispensable.  In  no  case,  however,  should  the  analyst  trust 
entirely  to  descriptions  or  plates;  the  only  safe  coui-se  is  to 
have  in  readiness  tinctures  of  coloui'ing-matters  of  difierent 
strength  and  diflferent  ages,  as  well  as  samples  of  wine  artificially 
coloured. 

The  colour  of  white  wines  is  due  to  oxidised  tannin;  it  takes 
long  to  develojj;  hence  the  manufacturer  not  unfrequently  adds 
a  little  caramel.  Should  this  be  the  only  addition,  it  would  be 
injudicious  to  consider  the  wine  adulterated. 

The  artificial  colouring  of  wines  by  elder-berry,  logwood, 
cochineal,  aniline,  &c.,t  is  said  to  exist,  at  all  events,  on  the 

*  Bull.  Soc.  Chim.  [2],  xxix.  109,  110. 

t  Soubeiran  says:  "At  Fismes,  in  the  neighbourhood  of  Rheims,  there 
has  been  manufactured  for  more  than  a  century  (since  1741)  a  colouring 
agent  composed  of  elder-berries,  alum,  and  water,  in  different  proportions, 
the  prolonged  use  of  Avhich  can  only  have  injui'ious  consequences  on  the 
health,  on  account  of  the  alum.  Unfortunately,  the  production  of  this 
colouring  awnt  (Idntc)  was  encouraged  by  a  royal  decree  of  17S1.  .  .  . 
Kecent  analyses  have  shown  that  this  liqueur  de  Fismes  contains  from  20  8 
to  57-5G  grms.  per  litre  of  alum.—"  Diet,  des  Falsilications."    Paris,  1874. 
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Continent;  and  it  is  a  fact  that  a  few  liome-made,  low-jjriced, 
wines,  almost  entirely  fictitious,  are  passed  off  by  the  aid  of 
the  same  or  similar  substances;  but  with  regard  to  the  ordinary 
foreign  wines  in  English  commerce,  there  is  no  reliable  evidence 
whatever  that  any  adulteration  of  this  kind  has  been  practised. 
Nevertheless,  it  is  absolutely  necessary  to  be  acquainted  with 
the  best  and  most  recent  methods  for  the  discovery  of  such 
frauds. 

Dr.  Dupre,  taking  advantage  of  the  fact  that  the  colouring- 
matter  of  wine*  only  dialyses  to  a  minute  extent,  and  that 
the  colouring-matters  of  Brazil,  logwood  and  cochineal  readily 
dialyse,  separates  the  latter  colouring-ma-tters  from  the  wine  by 
dialysis.  The  same  chemist  has  suggested  a  still  more  convenient 
and  practical  process — viz.,  the  staining  of  a  jelly.  The  jelly  is 
made  by  dissolving  5  grms.  of  gelatine  in  100  cc.  of  warm  water, 
and  pouring  the  solution  into  a  square  flat  mould  made  of  paper. 
From  this  cake  cubes  about  ^  inch  square  are  cut  with  a  sharp 
wet  knife,  and  are  immersed  in  the  wine,  taken  out  after 
the  lapse  of  from  twenty-four  to  forty-eight  hours,  washed 
slightly,  and  sections  cut,  in  order  to  see  how  far  the  colouring 
principles  have  penetrated.  If  the  wine  is  pure,  the  colour  will 
be  confined  almost  entirely  to  the  edges  of  the  slice,  or  will  not 
have  penetrated  beyond  to  1  inch;  most  other  colouring- 
matters  rapidly  permeate  and  colour  the  jelly. 

(1.)  Colouring-matters  2^6netrating  slowly  into  the  jelly : 

Colouiing-matter  of  pure  wine. 
„  ,,         Rhatany  root. 

(2.)  Colouring-matters  penetrating  raindly  into  the  jelly : 


Rosaniline. 

Cochineal. 

Logwood. 

Brazil-wood. 

Indigo. 


Litmus. 
Red  Cabbage. 
Beetroot. 
Malva  sylvestris. 
Allhea  officinalis. 


The  jelly  may  be  examined  sjjectroscopically,  good  results 
being  obtained  in  the  case  of  rosaniline,  red  cabbage,  and  beet- 
root; and  may  be  also  tested  with  reagents — e.g.,  dilute  ammonia 
dissolves  much  colour  from  tlic  slice,  if  tlic  colour  should  bo 
derived  from  logwood  or  cochineal;  on  tlie  other  hand,  the 

*  The  colouring-matter  of  Rhataiiy  root  lias  the  same  property. 
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ammonia  remains  colourless  in  the  case  of  rosaniline,  red  cabbage, 
and  beetroot. 

A  simple  method  for  the  detection  of  certain  coloviring-mattei-s 
is  that  of  Lammatine: — Shake  100  parts  of  the  wine  with  100 
of  coai'sely-powdered  peroxide  of  manganese,  and  then  pass 
through  a  double  filter;  if  pure,  a  colourless  filtrate  will  result. 
The  process  is  said  to  answer  well  in  the  case  of  logwood  and 
cochineal,  but  to  fail  Avith  aniline. 

A  general  method,  applicable  to  facshine  and  other  colouring- 
matters,  is  based  upon  the  fact  that  a  great  many  of  the  colour- 
ing-matters which  may  be  used  for  purposes  of  wine  adulteration 
(such  as  caramels,  ammoniacal  cochineal,  sulphindigotic  acid, 
logwood,  and  the  lichen  reds),  are  precipitated  by  acetate  of 
lead;  whilst  fuchsine,  if  j^resent  in  considerable  quantity,  is 
only  partially  thrown  down.  Those  which  are  not  precipi- 
tated may  be  sepai'ated  by  agitating  the  filtrate  with  amyl 
alcohol. 

The  lead  precipitate  may  be  treated  by  dissolving  out  cochi- 
neal, sulphindigotic  acid,  and  fuchsine,  by  a  solution  of  potassic 
carbonate  [2  :  100].  From  this  liquid  the  fuchsine  is  separated 
bv  neutralisation  with  acetic  acid  and  aaritation  with  amvl 
alcohol,  the  rose-coloured  liquid  obtained  being  identified  as  a 
solution  of  fuchsine  by  the  spectroscope.  On  now  acidifying 
the  liquid  with  sulphiiric  acid,  the  carminamic  acid  fi'om  the 
cochineal  is  removed  by  means  of  amyl  alcohol,  and  identified 
by  its  three  bands — viz.,  one  between  D  and  E  in  the  red,  the 
second  in  the  green,  and  the  third  in  the  blue.  The  indigo 
remaining  may  be  detected  by  the  blue  colour,  and  absorption- 
band  between  C  and  D.  The  original  lead-precipitate,  insoluble 
in  potassic  carbonate,  is  treated  with  a  two  per  cent,  solution  of 
potassium  sulpliide,  which  dissolves  the  colouring-matter  of 
logwood  and  that  of  the  wine  itself.  Logwood  may,  however, 
be  tested  for  directly  in  the  wine  by  the  addition  of  calcium 
carbonate  and  two  or  three  drops  of  lime-water.  In  the  case 
of  a  natural  wine,  the  filtered  liquid  is  almost  coloui'less,  but 
is  of  a  fine  red  colour  if  logwood  is  present.  Lastly,  the  lichen 
red  may  be  obtained  by  washing  the  insoluble  portion  left  after 
treatment  with  potassium  sulphide,  and  dissolving  it  in  alcohol, 
when  a  red  colour  and  a  definite  absorption-baud  reveal  its 
presence. 

For  the  detection  of  fuchsine  simply,  Bouillon  {Comj)tes  rendu s, 
Ixxxiii.  858,  859)  recommends  half  a  litre  of  the  wine  to  be 
evaporated  down  to  120  cc,  with  the  addition  of  20  grms.  of 
barium  liydrate.  It  is  then  filtered,  and  the  filtrate  shaken  up 
with  ether;  tlie  ether  is  separated,  a  drop  of  acetic  acid,  a  little 


§  283.]     ESTIMATION  OF  THE  COLOURING-MATTERS  OF  WINE.  4G3 


water,  and  a  small  piece  of  white  silk,  are  added,  and  (if  an 
appreciable  amount  of  fuclisine  is  present)  the  silk  assumes  a 
pink  colour  immediately;  if  not,  the  liquid  must  be  concentrated 
neai'ly  to  dryness. 

F.  Kiinig*  has  a  process  for  detecting  fuchsine:  50  cc.  of  the 
wine  are  treated  with  ammonia  in  slight  excess,  and  boiled  witli 
a  little  pui'e  wool  ["5  grm.],  until  all  the  alcohol  and  ammonia 
are  evaporated.  The  wool  is  washed  and  directly  moistened 
with  strong  potash,  and  heated  until  it  dissolves  into  a  more 
or  less  brown  tluid.  After  cooling,  to  this  is  added  half  its 
volume  of  pure  alcohol,  and  then  an  equal  volume  of  ether;  it 
is  strongly  shaken.  The  smallest  trace  of  fuchsine  is  taken  up  by 
the  ether,  and  is  coloured  red  by  acetic  acid.  04  mgrm.  fuchsine 
in  a  litre  of  wine  is  said  by  this  means  to  be  discovered  readily. 
The  pi'ocess  destroys  the  natural  colour  of  the  wine. 

§  283.  Yogel  and  others  have  studied  the  detection  of  the 
colouring-matters  of  wine  by  means  of 
the  spectroscope. 

The  following  curves  are  examples 
of  various  colouring-matters  (see  fig. 
45)  :— 

No.  37.  "VVine  colouring  -  matter, 
(I.)  pure,  (II.)  diluted. 

No.  38.  Wine  colouring  -  matter, 
with  ammonia. 

No.  39.  (I.)  Mallow  coloiiring - 
matter  concentrated,  (II.)  elderberry 
concentrated. 

No.  40.  Acid  cherry,  (b)  Acid  cherry  with  the  addition  of 
tannin. 

No.  41.  Mallow  colouring-matter  with  the  addition  of  alum. 
No.  42.  Indigo  solution. 

With  carefully  made  comparison  solutions,  there  can  be 
little  doubt  that  tlie  spectroscopical  metliod  of  identifyino- 
colouring-matters  will  be  found  of  great  value.  '  ° 

Lastly,  M.  A.  Gautierf  has  proposed  a  method  aiming  at  a 
systematic  detection  of  every  probable  colouring-matter  likely 
to  bo  added  to  wine.  How  far  the  whole,  or  any  portion,  of  thi.s 
elaborate  system  will  bo  followed  and  confirmed  by  chemists 
remains  to  be  seen. 

The  following  abstract  of  M.  Gautier's  paper  is  taken  from 
the  AnahjHt,  i.,  1877: — 


*  Ber.  der  dcuUch.  Chcm.  Gendhch.,  Bcrlhi,  2203. 
+  Dull.  .Sue.  Chiin. 
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M.  Gautier's  Process  for  Detecting  Colouring-Matters 

IN  Wine. 

§  284.  Preliminary  Preparation  of  the  Sample. — Tlie  wine  to 
be  examined  is  mixed  with  one-tentb  its  volume  of  white-of-egg 
previoiTsly  diluted  with  one  and  a  half  times  its  bulk  of  water, 
well  shaken,  and,  after  standing  for  half  an  hour,  filtered.  If 
the  wine  is  very  poor  in  tannates,  a  few  drops  of  a  fresh  aqueous 
solution  of  tannin  should  be  added  previous  to  the  agitation  wath 
albumen.  The  filtrate  is  treated  with  dilute  sodium  bicarbonate 
until  its  reaction  is  very  feebly  acid.  All  the  reactions  of  Table 
B.  must  be  made  on  this  liquid,  except  those  for  indigo,  which 
are  executed  upon  the  albuminous  precipitate. 


Table  B. — systematic  process  to  be  followed  for  the  detec- 
tion OF  THE  nature  OF  FOREIGN  COLOURING-MATTERS 
ADDED  TO  WINES. 

A.  Having  placed  aside  the  filtrate  from  the  albuminous  pre- 
cipitate, the  precij)itate  is  washed  until  the  washings  are  almost 
colourless. 

Two  cases  may  present  themselves : — 

(a.)  The  precipitate  after  washing  remains  wine-coloured,  lilac, 
or  maroon ;  toine,  natural,  or  adulterated  with  the  greater  jmrt  of 
the  substances  usually  employed.    Pass  on  to  C. 

{b.)  The  precipitate  is  of  a  very  deep  wine-colour,  violet-blue, 
or  bluish;  vnnes  from  the  deepest  coloured  grapes,  or  wines  coloured 
with  indigo.    Proceed  to  B. 

B.  The  precipitate  is  washed  with  water,  then  with  alcohol  of 
25  per  cent.,  a  part  is  then  removed  and  boiled  with  alcohol  of 
85  per  cent. 

{a.)  The  filtrate  is  rose,  or  loine-coloured.  A  jiortion  of  the 
precipitate  is  removed  from  the  filter,  suspended  in  water,  and 
carefully  saturated  with  dilute  potassium  carbonate.  The  colour 
changes  to  brown  or  blackish-brown;  natural  wines,  or  adulterated 
with  substances  other  than  indigo.    Pass  to  C. 

(6.)  The  filtrate  is  blue.^  A  portion  of  the  precipitate  sus- 
pended in  water  and  treated  with  dilute  potassium  carbonate 
affords  a  deej)  blue  liqiiid,  which  changes  to  yellow  by  an  excess 
of  tlie  reagent.     Various  freparafjions  of  indigo.  Indigo. 

C.  2  cc.  of  wine  are  treated  with  G  to  S  cc  of  a  solution  of 
sodium  carbonate,  which  must  be  added  in  slight"  excess  (1  cc.) 
after  the  change  of  colour. 


T       B  L  E 


PUBEBBAZIIrWOOD. 


Braril-wool.lpart) 
Wine,  i„S 


Loftffood,  1  part.  1 
Wine,  j 


PURE  00CHINEA1L. 
Cochineal,  J  pari,  i 

Pl'REPDOHSINK 


PocliaiQe,  1  part  7 
WIdb,      <  „  J 


POfiTQQALBEBEIES 
pore. 

Phytolacca,  1  part.,  S 
Wine,       4  r 


HOLLYHOOE,  pare. 

Hollyhock,lpart  J 
BEBTHOOT.pDro. 

Beclrooi,  i  imrt  i 


"UCKEUJKR  , 


To  1  CO.  of  the  un- 
clariQed  wine,  odd 
3  to  fl  CO.  or  a  1-20(1 
BoluMon  of  soilfom 
cHrbonaie,  according 
to  the  acidity  tind  In- 
tflDBitj  of  colour. 


Coloration  hlaisli- 
green;  grey,  slightly 
greenish,  according 
to  the  wine.  Witn 
amm  on.  lilac. 


Bed-purple,  or  vioJet. 


Same  colorations  as 
lure  wine. 


Grey  flax-blossOBi.  or 
grey  with  tingo  of 
lilac. 


Colour  greenifib  -  grey. 
Bometimes  with  iliac 
tint 

Violet-rose, 

Dark  violet,  or  lilac 

Dark  botlle-greec, 

Urconieh,  elighily  blue, 
greeoieh-grey. 

Doao.  or  yollowlah  red, 
which  1b  pereiBlent 

Yellowish  -  grey,  if  the 
heet-j  111  ce  was  term  en 
ted:  faint  yellowiab 
red  if  f  rosh. 


Violel-llluc  ohanging  to 
(lark  tjliiiah-grey,  tten 
to  bluiib-green. 


Dwirtelder,  lparl7 
Wine.  .t 

PRIVET,  puro. 


WHORTLliUEBRIES, 


INDIQO.  pure. 

Indigo.        I  part- 
Wine  (not)  . 
olarillodir  *  ■■  I 


The  liquid  become-s  yel- 
low; has  a  tendency 
to  become  decolour- 
ised. Any  trace  of 
lilac  present  disap- 
pears. 


Lilac,  or  wine  violet 


The  grey  tinged  ivii 
lilac  is  unchanged. 


.'he  rose-Iliac  or  rose- 
violet  tint  disuppears. 


Yellow-grey  with  Utile 
maroon,  which  in- 
creases with  llie 
amount  of  Phytolacca. 

Dark  grecnish-gi-ey. 

Partially  decolourised, 
ulighlly  greenish-grey 


lends  (o  bedecolouiia^d 
If  the  beet-juico  was 
old ;  yellowish  -  nvcy 
tOQChed  wiih  red  if 


Dark  greenish-grey. 


Itoltlo-greeu,  darkened 
with  grey, 

Urecn  with  lilac  tinge.  The  era  en  intid.in  jj 
Dnrk  green. 


Dark  green  to  grcenisli 
grey. 


Wlno  colour,  more  re- 
agent chacges  It  to 
grey -lilac,  and  grer 
tinged  wU!i  lilftc. 

Vellowlsh-groy  with  a 
little  lilac  or  rose. 

Dine. 

Greeniah,  slightly  blue, 


'■'janSOB  todirlyyellow- 
Becomes  yellowiah-yrej 
Heconies  decji  gn,y. 

Tends  to  become  yellow. 


ToScc  of  clarified  wine 
J  !idd  1'5  lo  2  cc.  of  an 
S  per  cent,  solution  of 
sodium  hi -carbonate 
I  charged  with  carbonic 
aotd.  Examine  the 
colotir  after  2  minutes. 


De^  grey,  with  a  little 
green,  or  Eometinies 
violet 


Greenish  deep  grey. 


Hoae. 

Wine^loes  roseate. 


Bemiia?  lilac  for  an 
inaTant,  then  rapidly 
ohdnges  to  Krey  with 
greenish  blue. 


Llladwith  grey;  or  grey 
llnfeed  with  maroon. 

Dark  grey  tinged  with 
maiooii. 

Oreeni-'li-ifey. 


Roiniiiii^  liliic.  An  ex- 
tPK-  ■'(  tbo  ro-ugonl 
rapiiih-  clifltige^f  il  lo 
grev,  sligtilly  red. 


BIuIbIi,  oi-  gioenlBh-hlne. 


To  2  ce,  of  clarified 
wine  add  3  cc.  of 
diiuCo  ammonia  (I  of 
ammonia  to  10  of 
waterl;  then  dilate 
with  5  cc.  ot  water. 


Greenish  grey-blue,  or 
greenish-grey,  faintlv 
lilac. 


Lilac,  soiled  with  grey, 


Violet-lilac.  The  violet 
tendstodisappearwith 
an  excess  of  re-agent, 
and  to  return  on  beat- 
ing. 

Greemeh-grey. 


Green i eh -grey,  orgreca- 
ish-grey  brown 


Hose,  decolourised  l)y  an 
excess  of  re-agent,' 

Greenish -grey,  with  or 
without  tinge  of  rose. 


Yellow  if  the  beot-juico 
woa fermented;  rose- 
ate if  now. 

Dirlv  -  yellowish  grey, 
with  a  little  maroon 
if  the  beet-juico  was 
fresh  and  not  fer- 
mented. 

Fine  green. 


Dirty  greenish -grey. 


Dark  boltl e -green - 

Dark  preen  with  grey, 
possibly  tinged  with 
maroon. 

Dark  green. 


Bluish,  greenish  -  blue, 
or  greenlsh-groy,  ac- 
cording to  the  variety 
oE  wine. 

Sliiroou  by  transmitted 
light;  grey  bottte- 
green,  by  reflected 
light. 

GrC5nlsh-grey  oryeliow- 
ish-groy. 


Oak-leaf  green. 


E. 

!  CC.  of  clarillcd  wine 
aro  treated  with  2  cc 
of  saturated  baryta 
water,  and  filtered 
af(or  15  minutes. 


Colour  of  the  flltr,ite. 


Dirty  greenish-yellow 


Dirl.y  greenish -yellow. 


Dirty  yellosvifih -green. 


Dirty  greenlsh-yel  low- 


Dirty  greenlali-yellow 


Dirty  greenish-yellow. 


Clear  greenish-yellow.  Scarcelyrosc 


Liquid  faintlf  meate : 
in  certain  can  nearly 
colourless. 


Colour  ot  oiii  akin, 
or  nearly  ourless 
yellow. 


Distinctly  rose 


Liquid  is  rosea 


G. 

I'o  2  cc  of  clarifled 
wine  add  3  to  4  cc.  of 
saturated  solution  of 
Iiorax,  (depending 
upon  the  depth  of  the 
colour  of  the  wine.) 


Liquid  grey  -  blue  or 
greenish ;  flax  1)1ob- 
Bom ;  Fometimes  it 
trace  or  more  of  lilac 


Qrey-biue<flaxblos3om), 
slightly  tinged  with 
maroon. 


Lilac,  or  bluish  -  grey 
tinged  with  lilac 


Bluish-grey  with  lilac 
sometimes  the  latter 
is  very  faiiil. 


Greenish  blue-grey. 

Jiose  or  yellowish-red, 
according  to  the  age 
of  the  iniusion. 

GrJy:  a  little  brown- 
violet  if  the  beet-juice 
was  recent. 


Colour  of  port  wine. 


Greenish  grey  -  blue, 
tinged  with  lilac. 


Dirty  reddish-rose 


Grey,  with  a  little  lilac. 


Blue 
Biuish-g 


H. 

I'o  4  cc  of  clarifled 
wine  add  1  cc.  of  a 
10  per  cent,  solution 
of  alum,  and  1  cc  of 
a  10  per  cent,  solution 
of  sodium  carbonate 

Colour  of  the  lake. 


rose  or  brick-r 


Lake  violet-blue. 


Lakobluish-greentl  „ 
with  violet,  becoming 
moi-e  violet  by  dryiog 
in  the  air. 


.Ihiisb-greeu,  or  green- 
ish, Bligbtly  roseate, 
with  more  Phytolacca. 


fo  2  cc.  of  clarifled 
wine  add  1  cc.  of  sub- 
acetnte  Of  lead,  ot 
16"  B.  Shake.  Filter. 


Colour  of  precipitate. 


Clear  bottle-green,  al- 
most colourless  with 
certain  rare  Tarletiee. 


Clear  bottle-green. 


Ashy-blue  green,  rarely 


Precipitate  ashy-blae, 
tinged  with  yellow  or 
brick-red 


Somewhat  violet. 


Deep  violet  lilac. 
Ashy-blue;  clear  green. 

No  precipitate 


Ashy-greenlflL-blue, 


Colour  of  flltr.ile  from  To 


'J  an  excetis  ot  lead- 
salt  is  added  and  the 
flnid  heated :  Bed 
currant. 


-.e  add  1  cc  of 
minium  acetate  oi 
B.   Colour  of 


Wine  lilac.  Aranum  is 
nearly  decolourised, 


Old-wine  rod.iir  i-osoiile. 


To  1  CO.  M  clarifled 
wine  add' 4  drops  of 
potoasium,'  alumlnate 
(Obtained  by  adding 
alum  to  a  solution  of 
alumina  in  potash.) 
Filter  the  tDhtture. 

f 


Lilac,  almost  colourie^ 
Decolourised. 

Rose. 
Kosc. 


Decolourised  if  thelead- 
ealt  is  not  in  excess; 
otherwise  yoiiow-red. 


Bose  Iliac 
Wine  lilac. 

Rose, 

Lilac  or  i-osy. 


Lilac,  falD^  roBO,  ten-  l.lqniit 
doney  to.OecolourlBo.  tlm,' 


To  0  )  grm.  of  barium 
bluoililo  add  fl  lirupN 
of  afi  per  i-enl  solu- 
tion of^  Im  larli-  iiold, 
and  then  ;i  ce.  nf  i>|nrl- 
Hcd  wini",  Exatiiiiiu 
the  colour  IN  hours 
after  wards. 


Itoso,  tinged  with  violet. 
Itose-lilac. 

Bose. 


Liquid  yellow,  without 
rose  colour  even  in  10 
hours.  lArgo  orange 
deposit  In  contact  wllh 
the  binoxide, 


Liquid  roue,  wl'.h  tinge 
of  orango-yellow  In 
contact  with  lilnoitide 


Liquid  scarcely  rose 
tmlcd.    Orange  dc- 

Bosit  in  contact  with 
Inozidc 


Liquid  (llstlncUy  rose. 
Orange  deposit  In  con- 
tact with  binoili'- 


I 


NOTES  TO  TABLE  A, 

1.  Each  wine  re-acts  in  a  .sliglitly  different  manner,  according  to  its  variety,  age,  Ac 

This  Table  refers  to  wines  of  five  to  fifteen  months  old,  and  particularly  to  tho 
following  : — Pinot,  Carignane,  Teinturier,  Carbenet, 

2.  The  word  pare  means  ml  mixed  wMi  vjine.    The  reactions  shown  were  obtained  by 

acting  upon  solutions  of  the  substances  in  water,  containing  10  per  cent,  of  alcoliol, 
and  were  made  of  such  strength  that  the  colours  corresponded  in  intensity  with 
those  of  the  wines  being  examined. 

3.  Brazil-wood,  I  pari,  wine  4  parts,  means  tliat  the  intensity  of  the  colour  of  the  liquid 

examined,  resulted  from  the  mixture  of  the  decoction  of  Brazil-wood  and  of  wine 
in  the;  proportions  named.  These  proportions  refer  only  to  the  intensity  of  the 
coloratjon,  and  represent  but  a  veiy  minute  ponderable  quantity  of  the  adulter- 
atiug'ajibstance. 


i 
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(«.)  The  liquid  becomes  lilac,  or  violet,  sometimes  the  liquid 
becomes  only  winey,  or  dashed  with  violet.  Brazil-ivood,  cochineal, 
Portugal  berries,  fuchsine  ....  ivi7ies  of  certain  sorts,  fresh 
beetroot,  logivood,  both  elders,  whortleberries  (myrtille),  Portugal 
berries.    Pass  to  D. 

(h.)  The  liquid  becomes  bluish-green,  sometimes  with  a  faint 
lilac  tint,  imne,  hollyhock,  privet,  lohortleberries,  logwood,  Portugal 
berries,  fuchsine.    Pass  to  M. 

(c.)  The  liquid  becomes  greenish-yellow  without  any  blue  or 
yiolet,  beetroot  (old  or  fermented  decoction),  whortleberries,  certain 
rare  varieties  of  loine.    Pass  to  L. 

D.  The  liquid  C.  {a.)  is  heated  to  boiling. 

(rt.)  The  liquid  remains  wine-violet,  rose,  or  wine-lilac,  or 
becomes  a  brighter  lilac;  logwood,  Brazil-v^ood,  cochineal,  certain 
mrieties  of  loine.    Pass  to  E. 

(6.)  The  colour  disappeai-s,  or  changes  to  a  yellow,  or  maroon, 
ar  reddish  tint,  loine,  fuchsine,  both  elders;  whortleberries,  Portugal 
berries,  fresh  beetroot.    Pass  to  F. 

E.  Treat  4  cc.  of  the  wine  with  2  cc.  of  each  of  a  10  per  cent, 
solution  of  alum,  and  a  10  per  cent,  solution  of  crystallised 
sodium  carbonate.  Filter. 

(ft.)  Clear  yellowish-green  lake  (which  may  be  bluish  from 
mixtures  of  wines  containing  maroon),  filtrate  colourless,  becom- 
ing very  slightly  yellow  on  warming;  its  own  volume  of 
aluminium  acetate  at  2°  B.  almost  wholly  decoloui'ises  it.  On 
acidification  with  acetic  acid,  after  treatment  with  its  own 
volume  of  barium-hydrate  (saturated  solution),  the  wine  becomes 
clear  greenish-yellow  or  maroon,  ^;?(re  or  mixed  wines.  See 
Table  A. 

(6.)  Greenish -blue  lake,  or  dirty  yellowish-green,  according  to 
the  varieties  present,  sometimes  very  slightly  winey.  Filtrate 
bright-rose,  gradually  decolourised  on  warming,  though  retaining 
i\  tinge  of  lilac;  not  decolourised  by  lime-water  in  the  cold. 
Cochineal. 

(c.)  Winey-violet  lake,  which  darkens  on  exposure  to  the  air. 
Filtrate  bottl^green,  or  grey  faintly  red  (if  much  logwood  is 
present).    The  filtrate  becomes  green  on  warming.  LoawooD. 

((/.)  Lilac,  or  maroon-lilac  lake.  Filtrate  greyish  with  tint  of 
maroon.  On  boiling,  this  filtrate  becomes  fine  old-wine  coloured. 
Brazil-wood. 

F.  Treat  4  cc.  of  the  wine  with  alum  and  sodium  carbonate 
(as  explained  at  E.),  add  to  the  mixture  two  or  three  drops  of 
very  dilute  sodium  cai'bonate,  and  filter. 

(a.)  The  filtrate  is  lilac  or  winey,  Portugal  berries,  fresh  beetroot. 
Pass  to  G. 
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(b.)  The  filtrate  is  bottle-green,  or  reddisli-green,  wine,  fuchsine, 
hlach  elder,  whortleberries,  beetroot.    Pass  to  H. 

G.  Treat  2  cc.  of  the  wine  with  subacetate  of  lead  solution,  of 
density  15°  B.    Shake.  Filter. 

(a.)  The  filtrate  is  rose,  which  persists  even  when  made  slightly 
alkaline ;  it  slowly  disappears  on  boiling.  Lime-water  destroys 
the  rose  colour.    Portugal  Berries. 

(6.)  The  filtrate  is  yellowish,  or  broAvnish-red.  Fresh  Beet- 
root. 

H.  The  alum-lake  obtained  from  F.  {b.)  is — 

(a.)  Deep  blue.  On  treating  the  clarified  wine  with  a  few 
drops  of  aluminium  acetate  solution,  it  becomes  a  decided  violet, 
or  wine  violet.    Both  elders.    Pass  to  I. 

{b.)  Bluish-green,  green,  or  faintly  rose-tinted,  toine  whortle- 
berries, beetroot,  fuchsine.    Pass  to  J. 

I.  After  the  test  H.  {a.)  treat  a  fresh  quantity  of  2  cc.  with 
1'5  to  2  cc.  (according  to  its  acidity  and  the  depth  of  its  colour) 
of  an  8  per  cent,  solution  of  sodium  bicarbonate  charged  with 
carbonic  acid. 

{a.)  The  liquid  remains  lilac  for  a  moment,  then  changes  to 
greenish-grey  blue.  Another  specimen  treated  with  sodium 
carbonate  (according  to  C),  and  heated  to  boiling,  becomes  dark 
greenish-grey.    Black  Elder. 

(b.)  The  liquid  retains  a  lilac  tint,  or  becomes  grey  with 
mixture  of  maroon,  or  dirty  lilac.  Another  specimen  treated 
with  sodium  carbonate  (as  at  C.)  tends  to  discolour  on  heating, 
the  green  being  replaced  by  red.    Dwarf  Elder. 

J.  Treat  5  cc.  of  the  clarified  wine  with  a  slight  excess  of 
ammonia,  heat  to  boiling,  and  after  cooling  shake  with  10  cc.  of 
ether,  decant  and  evaporate  the  ether,  and  treat  the  residue  left 
on  evaporation  with  acetic  acid. 

(a.)  The  liquid  becomes  red.  Fuchsine. 

(6.)  The  liquid  does  not  become  red,  wine,  whortleberries,  fresh 
beetroot.    Pass  to  K. 

K.  Another  specimen  is  treated  according  to  C.  with  sodium 
carbonate. 

(a.)  The  colour  darkens  or  becomes  red  on  lieating,  zvJwrtle- 
lerries,  fresh  beetroot.    Pass  to  L. 

(b.)  The  greenish  or  bluish-green  liquid,  possibly  having  a 
■wmey  tinge,  has  a  tendency  to  discolour  on  heating.  Naiural 
wine. 

L.  Treated  with  sodium  bicarbonate  according  to  the  rules 
given  at  I.  ° 

(a.)  The  liquid  is  deep  grey,  slightly  greenish,  green,  some- 
times green  with  very  slight  lilac  tint.  '  *  ' 
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The  clarified  wine,  treated  with  an  equal  volume  of  saturated 
baryta  water,  and  filtered  after  standing  for  fifteen  minutes,  gives 
a  dirty  yellow,  or  slightly  greenish  filtrate. 

With  an  equal  volume  of  aluminium  acetate  of  2°  B.  it  gives  a 
lilac  wine-coloured  filtrate. 

With  a  few  drops  of  aluminate  of  potash  no  change  of  colour. 
With  sodium  carbonate,  employed  as  at  C,  the  liquid  tends  to 
lose  its  colour  on  heating.  With  barium  peroxide,  used  accord- 
ing to  Table  A,  column  P,  the  liquid  is  faintly  rose-tinted,  with 
or  without  an  orange-coloured  deposit  on  the  barium  peroxide. 
Natural  Wine. 

With  the  general  characters  above  indicated,  if  with  baryta 
water  it  aff'ords  a  madeira-coloured  filti'ate,  changing  to  bufl"  on 
acidulation  with  acetic  acid ;  if  with  borax  it  becomes  deep-green 
with  a  bluish  cast ;  if  with  alum  and  sodium  carbonate  (as  at  E) 
a  precipitate  falls  of  a  deep  bottle-green,  with  bluish  tinge,  and  if 
with  aluminium  acetate  it  remains  rose-coloured  with  no  change 
to  violet-blue.  Teinturier. 

(6.)  Tlie  liquid  is  reddish-yellow  or  brown-lilac.  By  treat- 
ment with  acetate  of  alumina  the  filtrate  is  clear  lilac.  With  a 
few  drops  of  aluminate  of  potash  the  colour  becomes  that  of  the 
skin  of  an  onion,  and  with  a  larger  quantity  of  the  reagent  the 
colour  is  green,  tinged  with  maroon.  With  sodium  carbonate 
(employed  as  at  C.)  the  fluid  passes  to  yellowish  or  greyish-yellow, 
with  tinge  of  red.  With  barium  peroxide,  flesh-coloured  liquid 
with  considerable  orange-coloured  deposit  in  contact  with  the 
peroxide.    Beetroot,  fermented  or  not. 

(c.)  The  liquid  is  yellowish-grey,  with  tinge  of  green  or  red. 
With  baryta  Avater  the  filtrate  is  yellowish  olive-green.  With 
aluminium  acetate  the  filtrate  is  bluish-violet,  or  violet-lilac. 
With  aluminate  of  potash,  fresh  rose,  becoming  yellowish-green, 
with  an  excess  of  reagent.  With  sodium  carbonate  (as  at  C. )  the 
fluid  becomes  deep  grey  on  heating.  With  barium  peroxide  the 
fluid  is  bleached,  or  remains  but  very  slightly  roseate,  with  a 
trace  of  orange  deposit  in  contact  with  the  peroxide.  Whortle- 
berries. 

M.  The  mixture  of  wine  and  alkaline  carbonate  C.  (6.)  is  heated 
to  boiling. 

(a.)  The  mixture  becomes  lUac-violet,  or  violet.  Logwood. 

(6.)  The  mixture  tends  to  become  decolourised,  or  changes  to 
yellowish-green,  or  dark  green,  or  maroon  green,  natural  wines, 
vjhortleberries,  both  elders,  privet,  Portugal  berries,  fuchsine.  Pass 
to  N. 

N.  Treat  the  wine  with  alum  and  sodium  carbonate,  as 
directed  at  E.,  and  filter. 
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(a.)  The  colour  of  the  filtrate  is  lilac.    Portugal  berries. 

(6.)  The  filtrate  changes  to  bottle-green,  or  reddish-green. 
Natural  wines,  whortleberries,  hollyhock,  privet,  both  elders,  fuclisine. 
Pass  to  O. 

O.  Treat  2  cc.  of  the  clarified  wine  with  3  or  4  cc.  of  a  saturated 
solution  of  boi-ax,  according  to  the  intensity  of  the  colour  of  the 
wine. 

(a.)  The  liquid  remains  wine  lilac,  or  with  some  violet  tinge, 
both  elders,  privet,  lohortleherries.    Pass  to  P. 

(6.)  The  fluid  becomes  bluish-grey-flax-blossom,  greenish  or 
bluish-grey,  with  very  faint  trace  of  lilac,  pure  xjoine,  ivhortle- 
berries,  hollyhock,  fuchsine.    Pass  to  R. 

P.  Treat  a  new  portion  of  wine  with  sodium  bicai'bonate  (as 
directed  at  I.). 

(a.)  The  tint,  at  first  lilac,  changes  afterwards  to  grey,  slightly 
brownish,  or  to  maroon.  If  a  new  portion  be  treated  with  sodium 
carbonate,  according  to  C,  and  then  heated  to  boiling,  it  becomes 
clearer,  and  loses  its  green  tint. 

The  lake  obtained  according  to  E.  is  deep  blue-green.  Dwarf 
Elder. 

(6.)  The  specimen  remains  grey,  tinged  with  green,  bottle- 
green,  or  yellowish.  Sometimes  (black  elder)  it  acquires  a  lilac 
tint,  which  almost  immediately  disappears,  changing  to  a 
greenish-grey-blue,  whortleberries,  black  elder,  ]}rivet.    Pass  to  Q. 

Q,  Treat  a  specimen  of  the  wine  with  alum  and  carbonate  of 
soda  (as  directed  at  E.).  Shake  the  mixture,  and  after  a  few 
moments  throw  it  on  a  filter. 

(a.)  The  lake  remaining  on  the  filter  is  deep  green-blue  ;  the 
filtrate  is  clear  bottle-green.  A  sample  treated  with  sodium 
carbonate  (as  at  C.)  darkens  and  becomes  grey,  slightly  greenish, 
on  heating  to  boiling.    Black  Elder. 

(6.)  The  lake  is  clear  bluish  or  greenish.  The  filtrate  is  clear 
bottle-green.  A  sample  treated  with  sodium  carbonate  (as  atC), 
and  heated  to  boiling,  changes  to  dirty  yellowish.  Privet. 

(c.)  The  lake  is  ash-green  faintly  rose-tinted.  The  filtrate  is 
bottle-green,  with  tint  of  maroon.  A  sample  treated  with 
sodium  carbonate  (according  to  C.)  becomes  deep  grey  on  being 
heated  to  boiling.  Whortleberries. 

R.  Tx-eat  a  specimen  of  the  wine  with  ammonia  and  ether,  as 
directed  at  J. 

(a.)  The  etlier  being  decanted  and  evaporated,  the  fluid  i-esidue 
becomes  rose-coloured  on  treatment  with  acetic  acid.  Fuchsine. 

(6.)  The  liquid  loft  after  the  evaporation  of  the  ether  does  not 
become  red  on  acidification  with  acetic  acid,  natural  loines, 
hollyhock,  zohortleberries.    Pass  to  S. 
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>      S.  A  sample  is  treated  with  its  own  bulk  of  a  solution  of 
aluminium  acetate  of  2°  B. 

(a.)  The  colour  of  mixture  remains  winey,  natural  wines, 
lohortleberries  ;  differentiate  between  them,  as  directed  at  L  {a), 
and  L  (c). 

(6.)  Tlie  colour  of  the  mixture  becomes  violet-blue,  hollyhoclc, 
tohortleherries.    Pass  to  T. 

T.  A  specimen  is  treated  with  alum,  and  sodium  carbonate 
(as  at  E.),  and  after  a  few  moments  filtered. 

(a.)  The  lake  is  clear  green,  slightly  bluish,  and  rose-tinted  ; 
filtrate  is  bottle-green,  with  little  maroon.  With  borax  (as  at 
O),  particularly  if  the  sample  has  been  concentrated,  the  liquid 
is  grey  with  trace  of  lilac.  2  cc.  of  the  liquid  treated  with  3  cc. 
of  dilute  ammonia  (1  vol.  of  liq.  ammonia  with  10  vols,  of  water), 
and  the  mixture  diliited  with  its  own  bulk  of  water,  gives  a 
liquid  which  is  yellowish-grey,  greenish  or  greenish-grey.  The 
other  chai-acteristics  as  at  L.  Whortleberries. 

(b.)  The  lake  is  green,  slightly  bluish,  quite  free  from  rose, 
filtrate  clear  bottle-green.  With  borax  the  liquid  is  greenish 
blue-grey.  With  ammonia  (as  above),  dark  bottle-green.  With 
aluminium  acetate  (as  at  S.), bluish-violet  coloration.  Hollyhock. 

Although  somewhat  dilBcult,  this  systematic  method  serves 
for  the  discovery  of  several  colouring-matters  mixed  in  one  wine, 
if  the  indications  of  Tables  A.  and  B.  are  carefully  observed  and 
followed.  It  is  always  desirable  to  determine  the  presence  of 
fuchsine  by  the  special  reactions  given  further  on.  By  means 
of  Table  B.  the  presence  of  one  or  sevei-al  of  the  colouring- 
matters  may  be  detected;  but  before  deciding,  it  is  as  well  to 
verify  by  repeating,  for  the  substances  so  found,  the  reactions  of 
Table  A.  on  the  sample  ;  and  also  the  moi-e  special  characteristics 
given  further  on,  for  the  identification  of  those  substances. 

SPECIAL  REACTIONS  FOR  THE  DETECTION  OF  CERTAIN  OF  THE 
COLOURING-MATTERS  MIXED  WITH  WINES. 

Brazil  Wood. — Even  a  very  strong  clarification  (two  or  three 
times  more  albumen  than  mentioned  at  the  head  of  Table  B.) 
does  not  wholly  decolourise  the  adulterated  wine.  It  becomes 
yellow-buff,  which  on  exposure  to  the  air  gradually  changes  to 
red.  If  a  wine  that  has  been  adulterated  with  Brazil-wood  is 
clarified,  and  then  a  skein  of  scoured  silk,  washed  with  dilute 
tartaric  acid,  bo  soaked  in  it  for  twenty-four  hours,  and  then 
withdrawn,  washed,  and  dried  at  G0°  to  70°,  the  silk  Avill  be 
found  to  be  dyed  lilac-maroon,  or  red.  In  pure  wine,  tho  skein 
remains  wine-coloured  or  lilac. 
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If  tlie  dyed  silk  be  now  dipped  into  dilute  ammonia,  and 
heated  to  100°  for  a  moment,  it  becomes  lilac-red,  if  Brazil-wood 
were  present ;  but  deep  grey,  with  scarcely  a  tinge  of  its  original 
colour,  if  the  wine  were  pure.  If  the  ammonia  be  replaced  by 
lime-water,  the  skein  changes  to  ash-grey  if  Brazil-wood  were 
present ;  but  to  a  dark,  dirty-yellowish-red,  if  the  wine  were 
p\ire.  Finally,  if  the  skein  be  dipped  into  aluminium  acetate, 
and  then  heated  to  100°,  it  retains  its  wine-red  lUac  coloui-. 
This  reaction  differentiates  Brazil-wood  from  logwood. 

Logwood. — If  the  colour  due  to  logwood  is  in  excess  in  the 
wine,  ammonia  gives  it  a  shade  of  violet;  if  the  proportion  of 
logwood  is  small,  the  reactions  B,  L,  N,  of  Table  A.,  which  are 
very  delicate,  should  be  tried. 

A  skein  of  silk,  prepared  in  the  manner  described  for  Brazil- 
wood, and  treated  with  logwood,  becomes  dyed  lilac-red,  or 
maroon,  which  dilute  ammonia  changes  to  violet-blue  tinged  with 
grey,  and  which  by  acetate  of  aluminium  becomes  bluish- violet. 

Cochineal. — The  lilac,  or  roseate  tints  due  to  the  reactions 
A,  B,  H,  K,  of  Table  A.,  are  very  sensitive,  the  last  being  very 
characteristic ;  the  only  substance  likely  to  be  confounded  with 
it  is  the  Phytolacca  (Portugal  berries),  which  is  differentiated 
by  the  reaction  B,  of  the  same  table. 

A  skein  of  scoured  silk,  mordanted  -with  aluminium  acetate 
soaked  in  the  clarified  wine  for  twenty  hours  is  dyed  of  a  wine 
violet  colour,  analogous  to  that  of  pure  wine,  on  being  dried  at 
100°.  The  colour  does  not  change,  even  at  100°,  by  cupric 
acetate  (exclusion  of  fuchsine) ;  but  if  the  skein  be  dipped  into  a 
dilute  solution  of  ziac  chloride,  heated  to  100°,  and  then  wetted 
with  sodium  carbonate,  washed  with  water  and  dried,  the 
colour  becomes  fine  purple,  whereas  with  pure  wine  the  tint 
would  remain  sombre  grey-lilac. 

Cochineal  may  be  discovered  by  the  sjiecti'oscope  if  present  in 
large  qiiantity,  but  if  it  amounts  to  only  about  12  per  cent,  of 
the  total  coloration,  it  cannot  be  so  detected.  It  rapidly 
separates  from  wines,  being  precijjitated  in  the  lees. 

Fuchsine. — This  should  be  sought  for  in  all  wines  found  to  be 
adulterated  with  other  substances.  The  reaction  J  of  Table  B., 
p.  456,  is  very  sensitive.  Great  care  must  be  taken  to  avoid  loss 
of  rosaniline  from  imperfect  decomposition  of  its  salts  in  solution; 
moreover,  arsenic  should  always  be  sought  for  where  the  wine 
is  found  to  contain  any  aniline.  Fuchsine  rapidly  separates 
from  the  wines  to  which  it  has  been  added.  A  skein  of  silk 
becomes  dyed  rose  by  soaking  in  a  wine  adulterated  with  fuchsine, 
and  Its  colo\u-  passes  to  yellow  on  treatment  with  hydrochloric 
acid,  but  to  bright  rod  if  the  wine  was  pure.    The  dyed  skein 
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treated  with  dilute  ciipric  acetate,  and  dried  at  100°,  becomes 
fine  deep  I'ose-violet  if  fuchsine  is  present,  and  of  a  lilac  tinged 
with,  ash-grey  if  the  wine  is  pure.  This  reaction  is  very- 
sensitive. 

Phytolacca. — (Portugal  berries).  The  rose  or  lilac  colorations 
of  the  reactions  A,  G,  and  especially  C  of  Table  A.,  are  very 
sensitive. 

Hollyhock — {Altliea  rosea),  much  used.  This  substance  imparts 
a  peculiar  flavoui-,  which  in  a  few  months  becomes  actually  dis- 
agreeable, while  the  colouring-matter  itself  rapidly  precipitates. 

Beetroot. — This  is  generally  employed  only  to  mask  other 
adulterants.  The  lilac  tint  of  reaction  C  of  Table  A.,  if  the 
beetroot  is  fresh,  and  the  yellowish  colours  due  to  alkalies 
(reactions  D,  E  and  F  of  Table  A.)  are  very  sensitive,  even 
with  old  decoctions. 

Black  Elder,  Dwarf  Elder. — The  dwarf  elder  imparts  a  faint 
turpentine  odour  to  the  wines.  The  berries  of  both  varieties 
are  particiilarly  used  to  communicate  a  special  colour  and  flavour 
to  port  wine.  The  teinte  de  Fismes,  which  is  largely  used  at 
Fismes,  Paris,  and  elsewhere,  is  made  by  digesting  250  to  500 
parts  of  elder-berries,  and  30  to  60  parts  of  alum,  with  800  to 
600  parts  of  water,  and  then  submitting  the  mixture  to  pressure. 
M.  Maumene  reports  having  discovered  as  much  as  4  to  7  grms. 
of  alum  per  litre  in  wines  adulterated  with  this  substance. 
Sometimes  (though  rarely)  the  alum  is  replaced  by  tartaric  acid. 
Wines  adulterated  with  either  yield  a  violet-blue  lake  (reaction 
H,  Table  A).  By  comparison  with  pure  wine  the  difference  is 
very  marked. 

A  piece  of  flannel,  or  skein  of  silk,  mordanted  with  aluminium 
acetate,  heated  for  some  time  in  the  suspected  wine,  then  washed, 
and  immersed  in  water  made  faintly  alkaline  with  ammonia, 
becomes  green  if  the  wine  is  pure,  but  dai'k  brown  if  black  elder 
is  present.  Probably  the  same  reaction  occurs  with  dwarf 
elder. 

Pri7;e<.— This  is  very  seldom  used.  The  general  reactions, 
particularly  N  and  P  of  Table  A.,  must  be  relied  on. 

Myrtille — (Whortlebei-ries).  Very  seldom  \ised,  and  only  for 
the  commonest  wines.  The  principal  chai-acteristics  are  given 
in  L  (c).  Table  B.,  p.  467.  In  wines  suspected  to  be  adulterated 
with  this  substance,  citric  acid  should  be  sought  foi",  its  presence 
being  one  of  the  best  indications  of  the  adulteration. 

Ind/ujo. — The  reactions  A  (6)  and  B  {b)  of  Table  B.,  p.  4G4,  are 
so  sensitive  that  they  are  alone  sufficient  to  characterise  indigo. 
Wool  or  silk  mordanted  with  aluminium  acetate,  heated  with 
20  to  40  cc.  of  the  suspected  wine  nearly  to  dryness,  washed  and 
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then  dipped  into  very  dilute  ammonia,  become  dirty  green  if  the 
wine  be  pure,  but  blue  if  indigo  be  present. 

Indigo  being  often  iised  to  mask  the  too  bright  colours  of 
cochineal  and  fuchsine,  these  should  always  be  sought  for  after 
the  removal  of  the  indigo  by  clai-ification  with  albumen. 

Indigo  very  rapidly  separates  from  wines,  and  it  may  frequently 
be  found  in  the  lees,  even  when  the  wine  itself  gives  no  indication 
of  its  presence. 

Substances  other  than  those  mentioned  are  occasionally  em- 
ployed for  the  adulteration  of  wines ;  among  them  are  archil 
residues,  sulplio-purpuric,  and  sulpho-alizaric  acids,  and  their 
salts ;  but  these  have  only  recently  been  introduced,  and  ai-e  not 
yet  seriously  employed.  Except  in  such  cases  as  indigo  and 
cochineal,  it  is  only  upon  a  series  of  concordant  reactions  that  the 
presence  of  an  artificial  colouring-matter  should  be  affirmed. 

§  285.  Mineral  Substances,  or  Ash. — The  ash  of  a  great  many 
wines,  and  especially  of  sherries,  imported  into  this  country, 
consists  nearly  entirely  of  sulphates.*  This  is  due  either  to 
sulphuiing  or  plastering.  It  is  sometimes  foimd  absolutely 
necessary  to  charge  a  wine  slightly  with  sulphurous  acid,  Avhich  in 
course  of  time  becomes  siilphuric  acid ;  and  in  such  a  case  the 
chlorides  and  carbonic  acids  are  diminished  in  the  ash,  and  the 
sulphuric  increased,  but  the  total  weight  of  the  ash  itself  is  not 
matexially  increased.  On  the  other  hand,  plastering  (by  which 
is  meant  the  addition  of  plaster  of  Paris  to  the  grapes  before  they 
are  crushed)  has  the  effect,  by  its  reaction  on  cream  of  tartar, 
of  producing  a  soluble  sulphate  of  potassium,  which  may  very 
materially  increase  the  ash  of  the  wine. 

Under  absolutely  normal  conditions,  the  ash  consists  of  car- 
bonate, sulphate,  phosphate,  chloride  of  potassium,  chloride  of 
sodium,  phosphate  and  carbonate  of  calcium,  with  very  small 
quantities  of  magnesia,  iron,  silica,  and  frequently  lithium  and 
manganese. 

The  ash  from  a  litre  of  wine  examined  by  Boussingault  con- 
tained— 

Potash, 


Lime, 
Magnesia,  . 
Phosphoric  Acid, 
Sulphuric  Acid,  . 
Chlorine, 
Carbonic  Acid,  . 
Sand  and  Silica,  . 


(Ti-ms. 
0-842 
0-092 
0-172 
0-412 
0-09G 
a  trace 
0-250 

0-  006 

1-  870 


*  Thc  sulphuric  acid  in  sherries  ranges  from  1-5  to  S  erms.  per  litre  (equal 
to  19  0  to  93-3  grains  per  bottle  of  \  gallon). 
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With  regard  to  the  analysis  of  the  ash,  &c.,  see  p.  98  et  seq. 

§  2SC.  Prosecution  as  io  Unfermented  Wine. — In  March,  1880,  a  case  was 
heard  at  the  Salford  police  court  in  which  a  chemist  and  druggist  was 
summoned  for  selling  a  bottle  of  "unfermented  port  wine,"  and  also  a  bottle 
of  "unfermented  sherry  wine,"  which  were  not  of  the  nature,  substance, 
and  quality  of  the  article  demanded.  The  port  wine  was  labelled  .  .  . 
"unfermented  port  wine,  manufactured  from  the  juice  of  the  grape  for 
sacramental  and  other  purposes."  There  was  a  similar  label  on  the  sherry 
bottle.    The  analysis  by  Mr.  Carter  Bell  of  these  samples  was  as  follows  : — 

Port.  Sherry. 
Specific  gravity,        .    1100  109S 
Volatile  acid  calculated 

as  acetic,       .       .      '006  -006 
Tartaric  acid,     .       .      "502  "oSl 
Sugar  (invert),   .       .21-2  22-9 
Ash,  ....      0.395  -019 
Insoluble  ash  in  water,      -0185  or  46'8  per  cent.    '009  or  47 '3  per  cent. 
Soluble  ash,       .       .      -0210  or  53 '1  per  cent.    'OlO  or  52"G  per  cent. 
Residue  dried  at  230°,  24-50  25-421 
Salicylic  acid,    .       .      -02  -10 

The  analyst  stated  that  in  the  wines  he  found  no  trace  of  the  juice  of  the 
grape. 

The  pure  juice  of  the  grape  in  1000  parts  contained  three  of  ash,  and  that 
ash  should  mainly  consist  of  potash,  ])hosphoric  acid,  and  other  elements. 
About  90  per  cent,  of  such  an  ash  should  be  soluble  in  water.  In  the  sherry 
■wine  he  had  only  found  -190  per  thousand  of  ash,  which  was  considerably 
less  than  one-tenth  of  what  ought  to  be  found  in  pure  grape  juice  (see  p.  438). 
This  ash  contained  a  trace  of  potash  and  a  trace  of  i)hosphoric  acid.  It 
consisted  chiefly  of  sulphate  of  sodium  and  calcium,  and  a  few  other 
ingredients.  52  per  cent,  of  it  only  was  soluble  in  water.  It  was  no  greater 
in  quantity  than  could  be  obtained  from  ordinary  drinking  water.  He 
considered  that  the  so-called  sherry  was  nothing  more  than  a  solution  of 
sugar  and  tartaric  acid  flavoured  and  coloured,  and  containing  a  little 
salicylic  acid.  He  gave  very  similar  evidence  with  regard  to  the  port.  On 
cross-examination,  lie  could  not  swear  that  there  was  not  some  percentage  of 
the  juice  of  the  grape  in  it.  For  the  defence  it  was  contended  that  when 
sold  there  was  not  the  slightest  decei)tion ;  the  inspector  did  not  ask  for 
pure  juice  of  the  grape,  and  did  not  get  it ;  but  he  asked  for  unfermented 
wine  manufactured  from  the  juice  of  the  grape  and  got  it.  Witnesses  were 
called  who  swore  that  the  wine  was  made  from  grape  juice,  the  manager 
stating,  with  some  reluctance,  that  he  generally  put  one  part  of  grape  juice  to 
five  parts  of  water  ;  to  six  gallons  of  this  liquid  was  added  two  ])ounds  of 
sugar.  The  stijiendiary  magistrate  dismissed  the  case  on  the  ground  that 
there  was  no  standard  of  what  amount  of  graj)e  juice  the  wine  should 
contain,  and  there  was  evidence  to  show  that  it  did  contain  some  grape 
juice,  and  therefore,  it  could  not  be  said  that  the  manufacturers  had  made 
the  wine  fraudulently  from  y/attT.— Analyst,  1S80,  p.  110,  and  1S81,  p.  197. 


BIBLIOGRAPHY. 
Batilliat.  —  "Traite  sur  Ics  ving  do  la  France." 

Beiituelot  et  De  Fleuhien.— t/o7/?-n.  CItim.  MM.  [3],  18G4,  t.  xlvi.,  p.  92. 


474  FOODS  :  their  composition  and  analysis.      [§  286. 


Cameron,  C.  A.— Analyst,  i.,  1S77,  p.  99. 
Chancel,  G.—Comptes  Rendus,  Ixxxiv.  348-351. 

Chevallier.— d'Hyg.,  1856,  t.  v. ;  1857,  t.  vij. ;  1870,  t.  xxiii. ;  1876, 
t.  ij.,  &c. 

DtrcLEAux,  ^.—Ann.  Chim.  Phya.  [5],  ij.,  p.  233-289. 
DxjPRE,  A.— Proceedings  of  Sac.  of  Analysts,  I,  1876 ;  Analyst,  i.,  1877,  26, 
186. 

Gautier.— iJitZZ.  Sac.  Chim.  [2],  xxv. 

Griffin,  J.  J. — "The  Chemical  Testing  of  Wiues  and  Spirits."  London, 
1872. 

Hagek.— P/tarm.  Central  Halle,  1872,  No.  27. 
Hassall.— "Food  and  Air,"  1874. 

Jacqctemin. — Bull.  Soc.  Chim.  [2],  xxvj.,  68-71 ;  Analyst,  i.,  1877,  148. 
Lassaigne. — Journ.  Pharm.  et  Chim.,  4e  ser.,  1870,  t.  xi. ;  An7i.  d'Hyg. 
[2],  1831. 

Mattmenb,  E.  J. — "Traits  theorique  et  pratique  du  travail  des  vins."  2e 

gd.,  Paris,  1874. 
Odeph,  Ajlv.— Journ.  Chim.  Med.,  4e  ser.,  1860,  t.  vj. 
Neubauer,  C. — "Ueber  die  Chemie  des  Weines."    Wiesbaden,  1879. 
Pasteur. — "Nouvelles  observations  sur  la  conservation  des  vins."  8vo, 

Paris,  1868. 

PoGGiAiE.— Jowr/i.  Pharm.  et  Chim.  [3],  1859,  t.  xxxvj.,  p.  164. 
Thudichum,  J.  L.  W.,  and  Dupre,  A. — "A  Treatise  on  the  Origin,  Nature, 

and  Varieties  of  Wine. "    Svo,  London,  1872. 
VoGEL,  H.  W.—Deut.  Chem.  Ges.  Ber.,  ix.,  1900-1911. 


PART  VII. 


VINEGAR. 

§  287.  Constiluents  of  Commercial  Vinegar. — Commercial  vinegar 
is  a  more  or  less  imptu'e  acetic  acid,  containing  usually  acetic 
acid,  acetic  ether,  alcohol,  sugai-,  gum,  extractive  matter,  alkaline 
acetates  and  tartrates,  a  variable  amount  of  salts  (depending  on 
the  substances  from  which  it  has  been  produced),  and  legally 
not  more  than  one-thousandth  of  its  weight  of  pure  sulphuric 
acid. 

Varieties  of  Vinegar. — The  chief  varieties  of  vinegar  are  as 
follows  : — 

(1.)  Malt-Vinegar. — The  great  majority  of  commercial  vinegars 
in  this  coiintry  is  derived  from  the  acetous  fermentation  of  a 
wort,  made  from  mixtures  of  malt  and  barley.  Malt-vinegar  is 
of  a  decided  brown  colour,  in  specific  gravity  varying  from  1'017 
to  1-019  ;  it  is  of  various  degrees  of  strength,  the  manufacturers 
distinguishing  dilferent  kinds  as  Nos.  18,  20,  22,  and  24  respec- 
tively, the  last  being  the  strongest,  and  containing  about  4'6  per 
cent,  of  acetic  acid.  That  made  by  one  of  the  largest  firms  in 
this  country  will  be  found  to  contain  from  -1  to  "16  per  cent,  of 
combined  sulphuric  acid,  and  from  -04  to  '08  per  cent,  of  chlorine, 
as  chlorides. 

(2.)  Wine-Vinegar  is  the  chief  vinegar  in  Continental  com- 
merce. It  is  prepared  from  grape-juice  and  inferior  new  wines  ; 
that  made  from  white  wine  is  most  esteemed.  The  wine-vinegars 
vary  in  colour  from  pale  yellow  to  red ;  they  have  neai'ly  always 
an  alcoholic  odour;  specific  gravity  from  1-014  to  1-022.  A 
litre  of  Orleans  vinegar  (according  to  Chevallier's*  analyses  of 
actual  samples)  saturates  from  6  to  7  grms.  of  dry  carbonate  of 
soda.  The  extract  from  pure  wine- vinegar  varies  from  1*7  to  2-4 
per  cent.,  the  average  being  2-05  per  cent.,  and  usually  contains 
•25  grm.  of  tartrate  of  potash. 

Vinegars  of  limited  use  are — Glucose-vinegar,  recognised  chiefly 
by  the  presence  of  dextrine,  which  may  be  precipitated  by  alco- 
liol ;  beer-vinegar,  from  sour  ale ;  cider-vinegar,  made  both  from 
apples  and  pears;  crab-vinegar,  made  from  the  crab  apple,  and 

*  Journ.  d'llyg.,  1877,  No.  45. 
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used  nearly  all  over  Wales  and  Monraoutlishire ;  and  various 
artificial  vinegars. 

§  288.  Adulterations. — The  adulterations  of  vinegar  are — 

(1.)  Water, 

(2.)  Mineral  acids,  especially  sulphuric,  more  rarely  hydro- 
chloric, and  still  more  rarely  nitric  acids. 

(3.)  Metallic  adulterations,  or  rather  impurities;  such  as 
ai'senic,*  derived  from  sulphuric  acid,  copper,t  lead,  zinc,  and 
tin,  from  the  solvent  action  of  the  acid  on  any  metallic  sui-faces 
with  -which  it  may  have  come  in  contact. 

(4.)  Pyroligneous  acid. 

(5.)  Vai'ious  organic  substances,  such  as  colouring  agents,  and 
capsicum. 

§  289.  Analysis  of  Vinegar — (1.)  Water.- — -Vinegar  should  contain 
at  least  3  per  cent,  of  acetic  acid,  and  if  it  does  not  do  so,  it  may 
be  safely  returned  as  adulterated  with  water ;  for  it  then  is  so 
dilute  as  certainly  not  to  be  of  the  nature  and  quality  of  the 
substance  iisually  sold  as  vinegar.  The  strength  of  vinegar  may 
be  accurately  estimated  by  distilling  110  cc,  until  100  cc.  have 
been  drawn  over,  that  is,  ten-elevenths.  The  100  cc.  will  con- 
tain 80  per  cent,  of  the  whole  acetic  acid  present  in  the  110  cc.^ 
and  may  be  titrated ;  or  the  specific  gravity  of  the  distillate 
may  be  taken,  and  the  strength  found  from  the  following 
table  : — 


Per  cent.  Ppeciflc  Gravity. 

1   1  -001 

2   1  002 

3   1-004 

4   1-005 

5   1-007 

6   1  -OOS 

7   1-010 

8   1012 

9   1-013 

10   1015 

11   1-OlG 


*  "The  observation  of  M.  Deschamps  induced  us  to  analyse  a  vinegar 
sold  by  a  certain  Sieur  C.  .  .  .  The  presence  of  arsenic  in  this  vinegar 
was  ascertained,  and  the  Sieur  C.  was  compelled  to  confess  that  the  vinegar 
had  been  mixed  with  wood-vinegar.  On  resorting  to  the  person  who  fur- 
nished the  hatter  product,  the  whole  of  the  wood-vinegar  in  his  possession 
was  found  arsenical,  and  seized,  in  order  to  be  employed  only  for  industrial 
use."— "Le  Vinaigre,"  Chevallier,  Journ.  d'lli/g..  No.  46,  June,  1877. 

+  Seven  out  of  twelve  samples  of  vinegar  sold  in  Paris,  and  analysed  by 
Alfred  Kiche,  contained  copper  varying  from  5  to  15  mgrms.  ijer  litre.  Joia'ii. 
Pharm.  Chim.  [4],  x.xvj.  23-28. 
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Per  cent.  Spcciflo  Gravity. 

12  '   1017 

13   1-018 

14   1-020 

15   1-022 

16   1-023 

17   1-024 

IS   1-025 

19  .......       .  1026 

20    1-027 


Vinegar  may  also  be  distilled  in  a  vacuum  pi'oduced  by  the 
mercury  pump  described  at  p.  70  ;  it  should  be  distilled  into 
caustic  soda  or  potash  of  known  strength,  and  then  titrated  back. 
By  distilling  thrice  to  dryness,  adding  a  little  water  each  time, 
the  whole  of  the  acetic  acid  comes  over. 

It  will  be  necessary  to  test  the  distillate  for  the  presence  of 
hydrochloric  acid,  and  also  to  take  the  acidity  of  tlie  vinegar 
without  distillation,  so  as  to  control  the  results. 

The  titration  of  vinegar  may  be  made  with  ordinaiy  soda 
solution,  and  approximate  results  obtained.*  If  absolutely 
accurate  determinations  are  required,  it  is  best  to  add  an  excess 
of  carefully  weighed  pure  carbonate  of  lime  to  a  known  weight 
of  the  vinegar ;  the  liquid  is  boiled,  filtered,  and  the  residual 
carbonate  of  lime  filtered  ofi",  dissolved  in  slight  excess  of  normal 
hydrochloric  acid,  and  titrated  back  with  caustic  soda  and 
cochineal  solution.  From  the  amount  of  cai'bonate  thus  found 
to  have  been  unacted  on  by  the  vinegar,  the  total  acidity  is 
calculated. 

(2.)  Mineral  Adds. — A  great  many  commercial  vinegars  con- 
tain no  trace  of  fi-ee  mineral  acid  ;  and  it  has  been  amply  shown 
that  although  one-thousandth  part  of  free  sulphuric  acid  is  allowed 
by  law,  such  addition  is  not  by  any  means  necessary  for  the  presei-- 
vation  of  the  vinegar.  The  mineral  acid,  if  present,  is  nearly 
always  sulphuric,  occasionally  hydrochloric,  and  still  more  rai-ely 
nitric  acid. 

Hydrochloric  Acid  is  detected  by  the  distillation  already  de- 
scribed, and  the  testing  of  the  distillate  with  nitrate  of  silver. 

Nitric  A  cid  may  (in  the  absence  of  other  reducing  agents)  be 
detected  by  the  rapid  decoloration  of  a  solution  of  indigo  cai'- 
niine  added  to  the  boiling  vinegar. 

Sulphuric  Acid  cannot  be  detected  by  the  tisual  chloride  of 
barium  test,  for  it  fails  to  distinguish  between  free  and  combined 
sulphuric  acid.    The  charring  effect  of  the  acid  on  paper,  on 


*  The  re.snlt3  are  only  approximato,  because  sodic  acetate  has  itself  a 
feeble  alkaline  reaction. 
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sugar,  or  its  action  on  starch  (formerly  taken  as  the  basis  of  the 
older  tests),  is  now  replaced  by  more  scientific  methods,  and  need 
not  be  described  here. 

One  of  the  most  speedy  tests  for  the  presence  of  mineral  acids 
is  that  proposed  by  A.  Hilger* : — Two  or  three  drops  of  a  solu- 
tion of  methyl  aniline  violet  (0-1  :  100)  are  added  to  25  cc.  of 
vinegar;  if  pure,  no  colour  is  produced;  but  if  -2  per  cent,  of  any 
mineral  acid  is  present,  the  colour  is  blue;  or  if  -5  per  cent.,  blue- 
green;  and  if  1  per  cent.,  green. 

Another  useful  test  is  that  of  M.  Strohl;t  it  is  based  on  the 
well-known  fact,  that  oxalate  of  lime  is  insoluble  in  acetic,  but 
soluble  in  mineral  acids.J  The  solutions  requisite  are — a  solu- 
tion of  calcic  chloride  (15-1  grms.  to  the  litre)  and  a  solution  of 
crystallised  ammonic  oxalate  (28-4  grms.  to  the  litre);  h  cc.  of 
each  of  these  liquids  is  added  to  50  cc.  of  the  vinegar  under 
examination,  and  if  the  turbidity  which  is  at  first  produced  does 
not  disappear,  the  liquid  contains  less  than — 

1"70  grm.  per  cent,  sulphuric  acid  (specific  gravity  1"843)  per  litre. 
2  "85         ,,       hydrochloric  acid  (    ,,         ,,      1'174)  ,, 
4-40         ,,       nitric  acid  (    „         ,,      1-174)  ,, 

The  test,  without  claim  to  great  accuracy,  is  extremely  useful; 
for  if  any  suspicious  indication  be  observed,  the  vinegar  may  be 
then  submitted  to  a  more  elaborate  examination  for  free  acids. 

As  speedy  as  any  of  the  foregoing,  and  at  once  more  scientific 
and  accurate,  is  the  process  inti-oduced  by  Mr.  Hehner.  Its 
principle  is  based  upon  the  fact  that  vinegar  always  contains 
potash  and  soda  salts  of  the  organic  acid ;  hence,  it  is  obvious 
that  sulphuric  or  hydrochloric  acids,  if  added  in  small  quantity, 
merely  decompose  an  equivalent  quantity  of  acetate  or  tartrate, 
as  the  case  may  be,  and  as  free  acids  immediately  disappear; 
but  if  added  in  excess  of  the  amount  of  acetates  and  tartrates, 
the  excess  remains  as  free  acid.  It  thus  follows,  that  if  any 
undecomposed  acetate  or  tartrate  exists  in  the  vinegar,  it  is 
impossible  for  a  free  mineral  acid  to  be  present;  and  since  the 
acetates  and  tartrates  are  decomposed  by  ignition  into  carbonates, 
the  readiest  way  to  ascertain  theii'  existence  is  to  examine  the 
ash  of  the  vinegar  for  carbonates.  If  that  ash  is  neutral,  free 
mineral  acid  is  probably  present;  if  alkaline,  no  free  acid  can 
be  present,  although,  of  course,  a  small  quantity  may  originally 
have  been  added. 

The  qualitative  test  devised  by  Mr.  Hehner  is  also  made 

*  Archiv.  der  Pharmacie,  1876,  193. 
+  Arch.  Phftrm.  [.')].  4,  342-34G. 

t  Tlwl. 
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quantitative.  If  an  accurately-estimated  volume  of  d.  n.  soda 
solution  is  added  to  a  known  quantity  of  the  vinegar,  so  as  to 
neutralise  slightly  in  excess  the  total  amount  of  free  mineral  acid 
present,  on  ignition  the  alkalinity  of  the  ash  gives  the  measure 
of  the  quantity  of  free  sulphuric  or  hydrochloric  acid.  The  exact 
details  of  this  operation,  as  practised  by  Mr.  Hehner,  are  as 
follows : — 50  cc.  of  the  vinegar  are  mixed  with  25  cc.  of  d.  n. 
soda;  the  liquid  is  evaporated  on  a  water-bath  in  a  platinum 
basin,  the  residue  dried  at  about  110°.,  and  carefully  incinerated 
at  the  lowest  possible  temjoerature — the  ash  need  not  be  bui'ned 
white.  25  cc.  of  a  d.  n.  sulphuric  acid  solution  are  now  added  to 
the  ash,  the  liquid  heated  to  expel  free  COg,  and  filtered.  The 
filter  is  washed  with  hot  water,  litmus  added,*  and  the  acidity 
ascertained  by  d.  n.  soda.  The  volume  of  soda  necessary  for 
neutralisation  directly  gives  the  proportion  of  free  mineral  acid 
present  in  the  vinegar,  100  cc.  of  d.  n.  corresponding  to  -49  gi'm. 
of  II2SO4.  If  the  amount  of  alkali  originally  added  should  have 
been  insuflicient,  it  is  necessary  to  recommence  the  experiment. 
For  this  reason  Messrs.  Allen  and  Bodmer  made  some  experi- 
ments in  which  the  preceding  manipulation  was  modified  by 
neutralising  the  whole  of  the  acid,  organic  and  inorganic,  by  soda 
solution.  The  results  were  satisfactory,  but  great  care  must  be 
taken  to  titrate  accurately. 

Another  very  satisfactory  way  of  separating  and  identifying 
the  free  mineral  acids  in  vinegar  is  the  following : — Saturate  a 
known  quantity  with  quinine,  evaporate  to  dryness,  take  up  the 
quinine  salts  with  spirit,  recover  the  spirit  by  distillation,  dis- 
solve the  quinine  salt  in  water,  and  ^precipitate  by  ammonia. 
The  aqueous  liquid  will  now  contain  the  acetate  of  ammonia, 
together  with  the  sulphate,  chloride  or  niti-ate;  if  any  one,  or  all 
three,  of  the  free  acids  were  present,  the  acids  may  be  determined 
in  the  usual  way. 

A  method  of  separating  free  siilphuric  acid  from  sulphates  is 
to  evaporate  the  vinegar  to  a  syrup,  precipitate  the  sulphates 
by  alcohol,  filter,  wash  the  precipitated  salts  Avitli  alcohol,  and 
determine  the  free  sulphuric  acid  in  the  alcoholic  solution. 
Provided  sufficient  alcohol  be  added,  the  separation  of  free  from 
combined  sulpluiric  acid  is  exact. 

Another  metliod,  the  principle  of  which  was  proposed  by  Mr. 
Thresh,  and  which  has  been  improved  upon  by  Mr.  W.  C.  Young, 
is  to  add  to  a  known  measure  of  vinegar  an  excess  of  BaCIg ;  the 
chlorine  in  a  portion  of  the  liquid  is  now  determined  with  great 
care,  the  rest  is  evaporated,  ignited,  and  the  chlorine  of  the  ash 

*  Instead  of  litmus,  cochineal  may  he  used  ;  the  latter  is  \inaffected  by 
CO  3,  and  therefore  preferable. 
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determined.  The  difference  represents  tlie  free  mineral  acid  in 
terms  of  chlorine.  The  presence  of  free  tai'taric  or  citric  acids 
quite  invalidates  the  accuracy  of  the  process,  but,  with  these 
exceptions,  it  is  generally  applicable. 

(3.)  Metallic  Adulterations. — Metals  in  vinegar  are  detected  by 
saturating  the  licpiid  with  hydric  sulphide,  or  by  specially  testing 
for  arsenic,  copper,  zinc,  tin,  and  lead,  by  the  methods  detailed 
in  the  second  volume  of  this  work.  Metals  of  the  first  group  may, 
however,  be  presumed  absent,  if  there  is  no  deepening  of  colour 
on  saturation  with  hydric  sulphide;  arsenic,  if  Eeinsch's  test 
gives  negative  results;  and  zinc,  if  the  nearly  neutralised  vinegar 
gives  no  precipitate  with  hydric  sulphide. 

(4.)  Pyroligneous  Acid. — The  addition  of  pyroligneous  acid  to 
vinegar  is  said  to  be  revealed  by  the  presence  of  an  excess  of 
sulphate  and  acetate  of  soda. 

(5.)  Organic  Advlterations. — The  other  organic  adulterations — 
such  as  capsicum — must  be  looked  for  in  the  extract;  Chevallier 
has  found  fuchsine  in  French  vinegars.  Methods  for  the  detec- 
tion of  this  in  wine,  given  at  p.  470,  kc,  are  also  applicable  to 
vinegar. 
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LEMON  JUICE  AND  LIME  JUICE. 

§  290.  Lemon  juice  is  the  expressed  juice  of  the  Citrus  limonum, 
and  lime  juice  that  of  the  Citrm  acida  and  Citrus  limetta.  The 
Board  of  Trade  standard  for  lemon  juice  is  a  density  of  1  -030  [when 
doalcoholised],  and  an  acidity  equivalent  to  30  grains  per  ounce 
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of  citric  acid.  The  British  pharmacopoeia  directs  that  lemon  juice 
should  have  a  specific  gravity  of  1'039,  and  should  contain  32-5 
grains  of  citric  acid  per  ounce. 

Lemon,  lime,  and  bergaraot  juice  are  all  similar  in  their 
composition,  containing  citric  acid  as  the  pi-edominant  free  acid, 
and  small  quantities  of  acetic,  formic,  and  other  organic  acids, 
together  with  albumen,  sugar,  mucilage,  and  extractive  matters. 
The  mineral  matter  is  very  small,  and  contains  54  per  cent,  of 
its  weight  in  potash  and  15  percent,  of  phosphoric  acid. 

The  juice  is  expressed  in  England,  and  also  in  Sicily,  where 
the  method  of  preparation  is  to  mix  one  ounce  of  brandy  with 
ten  ounces  of  the  juice,  and  over  the  surface  of  the  liquid  to 
pour  a  layer  of  olive  oil.  This  crude  process  of  preservation  is 
efiectual,  but  is  now  being  supplanted  by  more  modern  methods. 

The  following  table  shows  the  specific  gravity,  free  acid,  and 
combined  organic  acid,  the  acid  being  expressed  in  terms  of 
crystallised  citric  acid,  of  the  citric  commercial  juices  [4?/e)i]  : — 


Specific  Gravity. 

Free  Acid. 
Ozs.  per  gallon. 

Combiuecl 
Organic  Acid. 
Per  gallon. 

Lemon  Juice — 
Eaw  Sicilian, 
,,  English, 
Concentrated, 

Bergamot  Juice- 
Concentrated, 

Lime  Juice — 
Raw,  . 
Concentrated, 

1-04  tol-Oo 
1-20  to  1-25 

1-22  to  1-25 

1  '035  to  1  -040 
1-28  to  1-38 

6     to  9 
11      to  13 
57     to  72 

47     to  55 

10-6   to  13-5 
82      to  112 

0-85 
0-3 
6  to  8 

7toS 

0-4  to  0-7 
8-6 

§  291.  Adulterations  and  Analysis  of  Citric  Juices. — Lime  juice 
has  been  rather  extensively  adulterated,  and  at  the  present  time 
it  is  by  no  means  uncommon  to  meet  with  a  wliolly  fictitious 
article  vmder  this  name. 

Sulphuric,  hydi'ochloric,  and  nitric  acids  are  the  main  foreign 
ingredients  to  be  sought  for.  The  general  principles  of  the 
detection  of  these  acids  in  a  free  state  are  entirely  the  same  as  in 
vinegar,  and  the  remarks  with  regard  to  the  alkalinity  of  vinegar- 
ash  when  genuine  apply  equally  to  the  ash  from  the  citric  juices. 
(See  p.  478.)  Good  juice  contains  insignificant  traces  of  sulphates 
and  chlorides,  so  tliat  the  mere  addition  of  silver  nitrate  or  of 
barium  chloride  will  at  once  show  whether  there  has  been  any 
tampering  with  the  liquid. 
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Nitric  acid  may  be  detected  by  the  ordinary  tests  for  that 
acid.  The  juice  may  be  boiled  with  metallic  copper,  when  red 
fumes  will  appeal-,  should  nitric  acid  be  present.  Or,  it  may  be 
much  diluted  and  filtered,  and  one  portion  be  made  neutral  with 
burnt  magnesia,  and  boiled  to  expel  all  free  ammonia  ;  afterwards, 
by  acting  upon  the  liquid  with  a  copper  zinc  couple,  any  nitrates 
may  be  turned  into  ammonia,  distilled  over,  and  titrated  in  the 
usual  way. 

F.  Scribani*  adds  to  the  suspected  lemon  juice  an  aqueous 
solution  of  ferrous  chloride,  strongly  acidified  with  hydrochloric 
acid  and  free  from  ferric  salt.  The  liquid  is  boiled  for  a  few 
minutes,  and  then  a  little  sulphocyanide  is  added.  If  nitric  acid 
has  been  present,  it  will  have  oxidised  the  ferrous  salt  into  a 
ferric  salt,  and  a  deep  blood-red  colour  will  be  produced  by  the 
test. 

§  292.  The  Analysis  of  Lime  Juice,  with  a  view  to  ascertain  its 
strength,  is  confined  to  the  determination  of  the  amount  of  citric 
acid  and  citrates. 

The  amount  of  citric  acid  is  determined  frequently  for  technical 
purposes  by  the  aid  of  a  sjiecial  hydrometer,  called  "  a  citro- 
meter,"  but  this  method  is  not  exact  enough  for  the  purposes  of 
the  food-analyst.  Nevertheless,  it  will  always  be  well  to  take 
the  specific  gravity  of  the  juice  by  a  specific  gravity  bottle,  or  by 
the  methods  detailed  at  page  71,  first  boiling  off  any  alcohol 
which  the  juice  may  contain,  and  making  it  up  to  the  same 
bulk  as  before  the  dealcoholisation. 

The  amount  of  free  acid  may  be  estimated  by  means  of  deci- 
normal  soda.  A  known  quantity  of  the  juice  is  taken  and 
coloured  with  phenol-phtlialein,  and  then  d.  n.  soda  is  run  in 
until  the  colour  changes.  About  10  cc.  of  the  ordinary  raw 
juice  may  be  taken  and  diluted  to  50  cc.  ;  but  the  concentrated 
juice  must  be  much  diluted  before  titration. 

The  free  acid  known,  the  next  step  is  to  determine  the  amount 
of  citrates  and  other  organic  acids  combined  with  bases.  For 
this  purpose,  the  measured  quantity  of  the  juice  Avhich  has 
already  been  neutralised  by  soda,  is  evaporated  down,  charred, 
and  the  charred  mass  treated  with  a  known  volume  of  decinormal 
sulphuric  acid,  which  must  be  sufficient  to  more  than  neutralise 
the  carbonates. 

The  acid  solution  is  filtered  and  neutralised  by  d.  n.  soda ; 
this  will  give  the  necessary  data  from  which  to  calculate  the 
amount  of  sulphuric  acid  used  by  the  carbonates  produced  by 
the  action  of  heat  on  the  organic  acids.    This  amount  is  equi- 


*Gcr..  Chim.  Ital,  viii.  294. 
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valent  to  the  total  amount  of  organic  acid  ;  if  expressed  as 
citric  acid,  forty-nine  parts  of  sulphuric  are  equal  to  seventy  of 
HgCgHgOyHgO,  or  sixty-seven  of  2H3O6H5O7H2O. 

The  amount  of  free  acid  already  obtained  is  now  subtracted 
from  the  total  acid,  the  difference  being  that  which  is  combined 
with  bases. 

To  ascertain  the  amount  of  real  citric  acid  present  in  the  juice, 
it  must  be  determined  as  citrate  of  lime,  for  it  need  hardly  be 
said  that  the  process  given  above  does  not  distinguish  between 
malates,  meconates,  or  any  other  organic  acids  converted  by 
heat  into  carbonates.  To  determine  the  real  citric  acid,  Mr. 
Warrington*  recommends  the  following  processes  :  from  15  to 
20  cc.  of  raw  lime  juice  are  exactly  neutralised  by  d.  n.  soda, 
the  whole  made  up  to  about  50  cc,  and  heated  to  boiling. 

While  boiling,  so  much  of  a  sokition  of  chloride  of  lime  is 
added  as  is  known  to  be  rather  more  than  equivalent  to  the 
total  amount  of  organic  acids  present.  The  boiling  must  be 
continued  for  half  an  hour,  and  the  precipitate  collected  and 
"washed  with  hot  water.  The  filtrate  and  washings  are  evaporated 
to  a  small  bulk  (not  more  than  15  cc),  and  a  little  ammonia 
added  to  exact  neutralisation,  if  the  liquid  gives  an  acid  reaction  ; 
a  further  precipitation  takes  place,  and  this  second  precipitate 
must  be  collected  on  a  filter.  The  filters  are  dried  and  biirut  up 
at  a  low  heat,  and  their  neutralising  power  with  regard  to  acid  is 
determined.  For  this  jiurpose,  the  ash  may  be  dissolved  in 
standard  hydrochloric  acid,  and  titrated  back  •  each  cc.  of 
normal  HCl  neutralised  is  equivalent  to  "070  grm.  of  crystallised 
citric  acid.  If  either  oxalic  or  tartaric  acids  should  be  present, 
the  results  are,  of  course,  inaccurate. 

*Journ.  Chem.  Soc,  1875,  0.34. 
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MUSTARD. 

§  293.  Mustard  is  made  from  the  seeds,  finely  ground,  of  the 
Sinapis  nigra,  or  black  mustard,  or  from  those  of  the  Sinapis 
alba,  or  white  mustard,  or  again,  from  a  mixture  of  both  varieties. 
The  manufacturer  reduces  the  seeds  to  powder,  and  passes  the 
product  through  a  series  of  sieves.  The  portion  in  the  first 
sieve  is  called  the  dressings,  that  which  passes  through  is  an 
impure  mustard  flour.  The  impure  flour,  on  being  passed 
through  a  second  sieve,  yields  the  pure  flour  of  mustard  and  a 
second  quantity  of  dressings.  The  dressings  are  utilised,  by 
being  submitted  to  pressure,  for  the  sake  of  the  fixed  oil  they 
contain. 

Microscopical  Structure  of  the  Seed.—Tlhe  white  mustard  seed  is 
made  up  of  the  husk  and  the  seed  proper.  The  seed  proper  is 
simple  in  structure,  consisting  entirely  of  minute  oil-bearing 
cells ;  their  size  averages  -00041  inch  in  the  finely  powdered 
seed  ;  and  they  look  extremely  like  starch  corpuscles,  but  neither 
l^olarise  light  nor  strike  a  blue  colour  with  iodine. 

The  husk  is  more  complex,  and  consists  of  three  mem- 
branes : — 

1.  An  outer  membrane,  composed  of  two  kinds  of  large  trans- 
parent cells,  which  are  described  by  Dr.  Hassall  thus  : — Those 
of  the  first  kind  are  of  an  hexagonal  figure,  and  united  by  their 
edges  so  as  to  form  a  distinct  membrane,  the  centre  of  each  cell 
being  perforated ;  the  cells  of  the  second  kind  occupy  the  aper- 
tures which  exist  in  the  pi-eviously-described  cells,  and  they  are 
themselves  traversed  by  a  somewhat  funnel-shaped  tube,  Avhich 
appears  to  terminate  on  the  surface  of  the  seed.  Immersed  in 
water,  these  cells  swell  up  to  several  times  their  original  volume, 
occasion  the  rupture  of  the  hexagonal  cells,  and  become  them- 
selves much  wrinkled  or  corrugated,  the  exti-emity  of  the  tubes 
in  some  cases  being  seen  protruding  from  the  proximate  termi- 
nation of  the  cells.  It  is  possible,  however,  that  what  are  here 
described  as  two  diflerent  kinds  of  cells  really  form  distinct  parts 
of  the  same  colls.  It  is  from  these  cells  that  the  thick  mucilage 
obtained  by  digesting  mustard  seeds  in  water  is  derived. 
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2.  The  second  layer,  or  middle  tissue,  consists  of  very  minute, 
angular,  coloured  cells. 

3.  The  inner  or  third  layer  of  the  husk  consists  of  a  single 
layer  of  angular  cells. 

The  black  mustard,  in  its  structural  composition,  differs  from 
the  white  only  in  not  containing  the  large  perforated  cells  of  the 
husk,  the  outer  membranes  consisting  of  two  or  three  layers  of 
large,  transparent,  hexagonal  cells,  the  other  structures  being 
similar  to  those  already  described. 

§  294.  The  accompanying  tables  (L.,  LI.)  give  some  careful 
analyses  by  C.  H.  Piesse  and  Lionel  Stansell*  of  black  and  white 
mustard  : — 


TABLE  LI.— ANALYSES  OF  ASH  OP  MUSTAJID  SEED. 


White  Seede. 

Bro-mi  Seeds. 

Yorkshire. 

Cambridge. 

Cambridge. 

Potash, 

21-29 

18-88 

21-41 

Soda,  .... 

0-lS 

0-21 

0-35 

Lime, 

L3-46 

9-34 

13-57 

Magnesia,  . 

8-17 

10-49 

10-04 

Iron  oxide, 

MS 

1-03 

106 

Sulphuric  acid,  . 

7-06 

7-16 

5-56 

Chlorine, 

Oil 

0  12 

0-15 

Phosphoric  acid, 

32-74 

35-00 

37-20 

Silica, 

1-00 

1-12 

1-41 

Sand,  .... 

1-S2 

1-95 

1  .38 

Charcoal,  . 

12-82 

15-14 

7-57 

99-85 

100-48 

99-70 

§  295.  The  Chemistry  of  Mustard  is  extremely  interesting; 
both  seeds,  white  and  black,  contain  a  fixed  oil  (from  about  36 
per  cent.),  and  a  sulphocyauate  of  sinapin  and  myrosin.  Black 
mustard  seeds  contain,  in  addition  to  the  foregoing,  myronate  of 
potash  (about  -5  to  -6  per  cent.)  Wlien  the  powdered  black 
niusstard  seeds  (or  the  mixed  black  and  white)  ai-e  moistened 
with  water,  the  myronate  of  potash  acts  upon  tlie  myrosin,  and 
produces  tlrn  volatile  oil  of  mustard.  White  mustard  seeds,  on  the 
other  hand,  contain  also  a  sul])liur  principle,  sinalbin,  not  found 
in  black.  ^         i  > 

Sinapin,  CigH^gNO^.— Sinapin  exists  as  a  sulphocyauate,  both 
*  Analyst,  1880,  p.  161. 
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in  black  and  white  mustard  seeds,  as  well  as  in  the  seeds  of 
Turritis  glabra,  L.  lb  was  first  prepared  by  Henry  and  Garot  in 
1825.  The  best  process  for  extraction  of  the  sulphocyanate  on  a 
small  scale  is  (according  to  Von  Babo)  to  exhaust  the  oil  from  the 
seeds  by  ether,  then  to  treat  with  cold  absolute  alcohol,  which 
only  takes  up  a  little  of  the  sulphur  compound,  and  lastly,  to  dis- 
solve the  sulphocyanate  of  sinapin  out  with  alcohol  of  90  per 
cent.  The  excess  of  alcohol  is  then  separated  by  distillation,  and 
the  substance  crystallises  out,  yielding  about  I'l  per  cent. 

Sinapin  itself  cannot  be  obtained  pure,  but  a  watery  solution 
may  readily  be  prepared  by  decomposing  a  solution  of  the 
bisulphate  with  a  proper  quantity  of  baryta.  After  filtering 
away  the  sulphate  of  baryta,  the  filtrate  is  of  a  yellow  colour 
and  intensely  alkaline  reaction  ;  it  precipitates  many  metals  from 
their  solution,  but  on  evaporation  its  colour  changes  through 
green  and  red  into  brown,  and  at  last  it  leaves  behind  an 
uncrystallisable  brown  residue.  On  boiling  a  solution  of  sinapin 
with  the  alkalies  or  alkaline  earths,  the  sinapin  splits  up  into 
sinkalin  and  sinapric  acid, 

C10H03NO-  +  Hp  =  C^H^gNO  +  C,,H,20„ 

and  similar  treatment  of  the  sulphocyanate  of  sinapin  pi'oduces 
the  same  decomposition.  To  sulphocyanate  of  sinapin  is  ascribed 
the  formula  C^gHogNOgCNHS.  It  forms  colourless,  transparent, 
truncated  prisms,  in  warty  or  starlike  groups,  without  odour, 
but  of  a  bitter  taste,  of  neutral  reaction,  melting  at  130°  to  a 
yellow  fluid,  solidifying  again  in  an  amorphous  mass.  Sulpho- 
cyanate is  readily  soluble  in  water ;  but  ether,  turpentine,  and 
bisulphide  of  carbon  do  not  dissolve  it.  If  to  a  hot  solution  in 
alcohol  concentrated  sul[)huric  acid  be  added,  bisulphate  of 
sinapin,  CjqH2oN0j,  SHoO^  +  2OH2,  separates  on  cooling  in 
rectangular  plates.  From  this  salt  the  neutral  sulphate  may  be 
obtained  by  solution  in  water,  and  precipitating  half  the  sul- 
phuric acid  by  baryta. 

Sinalbin,  CjoII^^N2S20jg,  a  substance  which  exists  only  in 
white  mustard,  and  may  bo  sup])osed  to  take  the  place  of 
myronate  of  potash.  It  splits  up  into  sugar,  bisulphate  of  sina- 
pin, and  sulphocyanide  of  aciinyl,  Cj^H^NSO.  The  last,  on  treat- 
ment with  alkalies,  yields  ammonia  and  the  salt  of  an  acid 
melting  at  136",  to  which  tlie  formula  CgHg0.j  is  ascribed. 

Myrosin,  a  substance  analogous  to  cmulsin,  has  not  yet  been 
obtained  albumen-  or  lime-free  ;  its  solution  froths  on  being 
shaken  ;  it  is  coagulated  by  warming  to  60°,  as  well  as  by  acids 
and  alcohol. 
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Myronate  of  Potash,  C^QHjgKNS^OjQ,  crystallises  out  of  spirit, 
in  needles  ;  out  of  water,  in  rhombic  prisms.  It  is  destitute  of 
■water  of  crystallisation,  is  of  neutral  reaction,  and  has  no  odour, 
but  is  of  a  bitter  taste.  It  is  easily  soluble  in  Avater,  with  diffi- 
culty in  diluted  spirit,  and  scarcely  at  all  in  absolute  alcohol, 
whilst  it  is  qviite  insoluble  in  ether,  chloroform,  and  benzole.  If 
the  concentrated  aqueous  solution  of  the  salt  be  digested  with 
tartaric  acid  and  absolute  alcohol,  the  tartrate  of  potash  separated, 
and  the  filtered  fluid  evaporated  with  carbonate  of  baryta,  the 
filtrate  from  the  latter  will  yield  easily  soluble  crystals  of  myro- 
nate of  baryta  (CjgHjgBaNSgOio)?  which  soon  become  opaque  on 
exposure  to  the  air  ;  if  heated,  it  develops  ethereal  oil  of  mustard, 
leaving  behind  sulphate  of  baiyta.  A  solution  of  myronate  of 
potash  gives  with  zinc  and  hydrochloric  acid  sulphuretted  hydro- 
gen, and  then  contains  a  salt  of  ammonia,  sugar,  and  half  of  the 
sulphur  as  sulphuric  acid  Boiling  hydrochloric  acid  decomposes 
similarly.  Concentrated  potash-lye  digested  on  the  dry  salt,  and 
heated,  develops  volatile  oil  of  mustard,  cyanide  of  allyl,  and 
ammonia.  If  to  a  watery  solution  of  myronate  of  potash,  myrosin 
is  added,  volatile  oil  of  mustard,  sugar,  and  bisuljihate  of  potash 
are  formed  ;  thus, 

C.oHisK.NS^Ojo  =  C.HjNS  +  CeH^^Og  +  SHKO^, 

the  same  reaction  takes  place  if  the  freshly-prepared  watery 
extract  of  the  white  or  black  mustard  seeds  be  added. 

§  296.  The  Fixed  Oil  of  both  Black  and  White  Mustard  appears 
to  be  identical. — It  is  a  yellow,  non-drying  oil  of  0*91.5  to  0-920 
specific  gravity  at  15°,  solidifying  from  -  12°  to  —  16°,  and 
of  a  mild  taste.  It  contains  the  glycerides  of  erucic  acid,  of 
stearic  acid,  and  of  oleic  acid,  which  last  Darby  considers  different 
from  ordinary  oleic  acid. 

Erucic  Acid,  CggH^g^o)  "^^^^s  discoA^ered  by  Darby  in  the  fatty 
oil  of  the  seeds  of  the  white  and  black  mustard  in  1849,  and  the 
same  acid  has  also  been  found  in  rape  oil.  It  is  easily  obtained 
by  saponifying  the  oil  with  litharge,  treating  the  soap  with  ether, 
which  dissolves  out  the  erucate  of  lead,  and  decomposing  the  salt 
with  hydrochloric  acid.  The  erucic  acid  in  solution  is  filtered 
from  tlae  chloride  of  lead,  tlie  filtrate  evaporated  in  the  water- 
bath,  and  the  residue  recrystallised  from  ether.  Erucic  acid 
forms  slender,  long,  white,  glittering  needles,  without  odour  or 
taste,  melting  at  from  33°  to  34°,  and  coagulating  again  at  33°; 
it  is  insoluble  in  watei",  but  dissolves  easily  in  alcohol  and  ether. 
The  acid,  exposed  to  the  air,  gradually  becomes  coloured  and 
rancid.  If  to  water  saturated  with  erucic  acid  bromine  be  added 
gradually,  a  crystalline  compound  can  be  obtained,  CojH^oBgOa, 
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which  crystalHses  out  of  alcohol  in  small,  white,  warty  massef?, 
melting  at  42°  to  43°.  Again,  if  the  solution  be  decomposed  with 
hydrochloric  acid  and  sodium  amalgam,  it  can  again  be  changed 
back  to  erucic  acid.  Erucic  acid  forms  definite  salts,  of  the 
formula  HCwH^jOo. 

The  Volatile  Oil  of  Alustard,  C^HgNS,  is  mixed  with  cyanide  of 
allyl,  which  may  be  separated  by  fractional  distillation.  Ordinary 
distillation  of  black  mustard  seeds  yields  it  in  the  proportion  of 
0'5  to  0'7  per  cent.  It  is  colourless  or  slightly  yellow;  has  a 
boiling  point  of  148°,  and  specific  gravity  1009  to  1010;  is 
somewhat  soluble  in  water,  dissolving  easily  in  alcohol,  ether,  and 
petroleum  ether.  According  to  Hager  {Pharm.  Centralb.,  x.  65), 
the  commercial  oil  is  much  adulterated ;  he  enumerates  as  fraudu- 
lent additions,  alcohol,  bisulphide  of  carbon,  oil  of  gilliflowers, 
and  castor-oil.  The  volatile  oil  of  mustard  prevents  the  coagii- 
lation  of  serum-albumen,  as  well  as  alcoholic  fermentation. 
According  to  Mitscherlich,  this  is  the  most  deadly  of  all  the 
ethereal  oils,  4  gi-ms.  killing  a  kitten  in  two  houi-s,  15  grms.  in  a 
quarter  of  an  hour.  The  post-mortem  appearances  were  those  of 
acute  gastroenteritis,  and  the  smell  of  the  oil  pervaded  the  blood, 
urine,  and  lungs.  It  has  been  used  in  medicine,  chiefly  exter- 
nally, for  its  powerful  rubefacient  properties,  blistering  the  skin 
when  applied  to  it. 

§  297.  Adulterations. — The  adulteration  most  commonly  met 
with  is  a  dilution  of  ground  mustard  Avith  turmeric  and  wheat 
flour.  Other  substances  usually  enumerated  as  having  been 
fraudulently  mixed  with  mustard  are — cayenne  pepper,  ginger, 
gamboge,  potato  starch,  pea  flour,  radish  and  rape  seed,  linseed 
meal,  yellow  ochre,  chromate  of  potash,  plaster  of  Paris,  and  clay, 
besides  the  ground  seeds  of  the  Sinapis  arvensis. 

A  careful  microscopical  examination  by  both  ordinary  and 
polarised  light  will  detect  most  organic  adulterations.  If  on  the 
addition  of  iodine  to  an  infusion  of  tlie  mustard  in  hot  water,  no 
blue  colour  is  produced,  it  is  certain  that  neither  wheat  nor  any 
other  starch  is  present. 

The  chemical  examination  of  mustard,  for  the  purposes  of  the 
food-analyst,  mainly  resolves  itself  into — 

1.  Testing  for  turmeric. 

2.  Estimation  of  the  total  sulphur. 

3.  Estimation  of  the  fat  or  oil. 

4.  Estimation  of  the  asli. 

5.  Testing  for  gamboge. 


1.  Testing  for  Turmeric. — The  detection  of  turmeric  by  its 
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microscopical  appearance  is  usually  satisfactory ;  there  are,  how- 
ever, some  good  chemical  tests. 

A.  Extract  the  mustard  with  two  or  three  times  its  volume  of 
methylic  alcohol,  filter,  and  evaporate  to  dryness.  If  turmeric 
be  present,  the  addition  of  hydrochloric  acid  to  the  extract  will 
produce  a  red-orange  colour,  turned  by  excess  of  an  alkali  to 
green  and  blue ;  or  the  extract  may  be  dissolved  in  the  least 
possible  quantity  of  methyl  alcoliol,  and  evaporated  to  dryness 
in  a  porcelain  capsule,  in  which  there  has  been  placed  a  small 
piece  of  filter  paper.  When  the  evaporation  is  complete,  the 
paper  is  moistened  with  a  strong  solution  of  boric  acid,  and  then 
dried  ;  if  turmeric  be  present  the  paper  will  take  a  reddish 
colour;  if  it  be  then  treated  by  an  alkali,  thei'e  is  a  play  of 
coloui's,  among  which  green  and  pui'ple  predominate. 

B.  Advantage  may  be  taken  of  the  fact  that  the  colouring- 
matter  of  turmeric  is  strongly  fluorescent ;  that  of  mustard,  on 
the  other  hand,  is  devoid  of  fluorescence.  The  simplest  method 
to  detect  the  fluorescence  of  the  yellow  colouring-matter  of 
turmeric,  when  mixed  with  mustard,  is  to  pass  a  little  castor- 
oil  through  the  suspected  sample  on  a  filter  ;  the  oil,  if  turmeric 
be  present,  shows  a  very  distinct  green  colour  ;  this  is  a  test  of 
considerable  delicacy.  Or  an  alcoholic  solution  may  be  placed 
in  a  test-tube,  and  held  vertically  in  water  contained  in  a  glass 
blackened  internally ;  if  the  observer  now  slightly  incline  the 
top  from  the  window,  and  look  from  above  outside  the  test-tube, 
the  green  fluorescence,  if  present,  will  be  readily  observed. 

2.  Estimation  of  the  Total  Sulphur. — Most  of  the  adulterants 
of  mustard  contain  no  sulphur,  or  at  least  no  very  appreciable 
amount,  in  the  unoxidised  state.  Mustard,  on  the  other  hand, 
in  common  with  a  large  number  of  cruciferous  plants,  contains 
sulphur-organic  compounds;  hence  a  great  deficiency  or  excess 
of  sulphur  is  indicative  of  adulteration,  a  normal  amount  no 
conclusive  sign  of  purity. 

The  best  method  to  oxidise  the  sulphur  compounds  the  writer 
has  found  to  be  as  follows: — About  1  grm.  of  the  substance  is 
placed  in  a  flask  adapted  to  an  upright  Liebig's  condenser,  and 
digested  for  some  time  at  a  gentle  heat  with  fuming  nitric  acid. 
The  resulting  liquid  filters  with  ease,  and  the  sulphates  are  pre- 
cipitated in  the  usual  way  with  a  solution  of  chloride  of  barium, 
the  ])recipitate  thoroughly  waslied,  dried,  ignited,  and  weighed ; 
sulphate  of  bartya  multiplied  by  -13734  =  sulphur.  On  now- 
making  a  deterniiuatiou  of  the  sulphates  contained  in  the  ash, 
and  subtracting  the  latter  from  the  former,  the  amount  of  organic 
sulphur  is  obtained. 

3.  Estimation  of  the  Fat  or  Oil. — This  is  particularly  useful 
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when  wheat  starch  is  the  adulterating  agent.  Wheat  flour  does 
not  contain  more  than  1-2  to  2'1  per  cent,  of  oil ;  mustard,  on  the 
other  hand,  from  33-9  to  36 •?  per  cent.  A  weighed  portion  of 
the  previously  dried  sample  may  be  placed  in  the  little  aj^paratus 
iigui'ed  at  p.  68.  As  a  rough  guide  the  following  formulas  may 
be  used  : — 

X  Amount  of  mustard,  ?/  of  oil  found. 

33-9a;  1-2(100  -  a;) 

100  100  "2/ 

367^^        2(100 -a;) 

100    ^       Too  "2/ 

4.  Estimation  of  the  A  sh. — The  ash  is  taken  in  the  way  already 
described  (see  p.  97).  The  total  ash  of  dried  mustard  averages 
5  per  cent.  The  highest  number  the  writer  has  obtained  is  5  3 
per  cent.,  the  lowest  5-088  per  cent.  Of  this  ash  1-2  at  least  is 
soluble  in  water ;  in  other  words,  the  ash  of  mustard  consists  of 
30  pai'ts  per  cent,  soluble,  70  parts  per  cent,  insoluble  in  water. 
It  hence  follows,  that  if  found  above  5-5  per  cent.,  mineral 
matters  of  foreign  origin  are  present ;  if  below  4  per  cent.,  it  is 
an  indication  of  some  organic  adulterant. 

5.  Gamboye. — Gamboge  as  an  adulterant  of  mustard  is  some- 
what apocryphal ;  if  suspected  of  being  present,  an  alcoholic 
extract  of  the  mustard  must  be  prepared  ;  such  an  extract  when 
treated  with  caustic  soda  becomes  of  a  bright  red  colour,  hydro- 
chloric acid  produces  a  yellow  colour. 
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PEPPER. 

§  298.  Black  pepper  is  the  dried  immature  fruit  of  Piper  nigrum, 
one  of  the  Piperucece,  or  pepperworts. 

White  pepper  is  the  same  berry  decorticated,  or  deprived  of 
its  outer  and  black  husk  or  covering. 

The  ]iepperworts  are  a  well-defined  natural  order,  confined  to 
the  hottest  parts  of  the  world,  and  delighting  in  low  places, 
valleys,  and  the  banks  of  rivers.  Although  neither  the  number 
of  its  genera  nor  of  its  species  is  gi'eat,  yet  the  whole  order  is 
remarkable  for  a  variety  of  active  and  useful  plants — e.g.,  the 
aromatic  black  and  long  peppers,  the  asti'ingent  matico,  the 
intoxicating  Macropiper  methysticuyn,  the  difi'erent  varieties  of 
cubebs,  useful  in  the  treatment  of  inflamed  mucous  membranes, 
and  several  other  plants  ]jossessing  medicinal  properties,*  belong 
to  the  natural  order  of  Piperacece. 

Black  pepper  itself  is  a  climbing  plant,  attaining  the  height  of 
from  8  to  12  feet;  the  berries — or,  botanically  speaking,  "drupes" 
— are  at  first  green,  then  red,  and  if  left  still  longer  ungathered, 
turn  to  black  ;  but  before  this  latter  change  takes  place  the 
berries  are  gathered  by  hand  and  dried  in  the  sun,  the  result 
being  an  entire  change  of  appearance ;  instead  of  a  red,  smooth 
berry,  a  black  or  reddish-black  peppercorn,  with  the  cortex  con- 
tracted and  shrivelled  in  such  a  manner  as  to  form  a  veined  net- 
work, is  obtained.  The  plant  is  cultivated  in  various  portions  of 
the  equatorial  regions  of  the  earth,  the  zone  of  cultivation  being 
confined  to  the  isotherms  of  82°r.  It  would  not,  however,  be 
strictly  correct  to  say  that  this  high  mean  annual  temperature 
is  essential,  or  even  necessary ;  for  the  fact  is,  that  it  is  pro- 
duced principally  in  the  cooler  valleys,  where  the  mean  annual 
temperature  does  not,  perhaps,  exceed  70°Fahr. 

The  black  pepper  imported  into  this  country  principally  comes 
from  the  islands  of  Malacca,  Java,  Borneo,  and  Sumatra.  The 
commercial  varieties  ai-e  at  least  five — viz.,  Malabar,  Penang, 
Sumatra,  Ti-ang,  and  Tellicherry,  names  indicating  the  localities 
whence  they  are  derived.  The  diflerences  which  these  difl'ereut 
varieties  of  pepper  pi-esent  to  the  eye  are  evident  enough  when 
the  several  samples  are  at  hand  for  comparison  ;  but  it  takes 
a  very  jiractised  observer  to  identify  a  solitary  sample  ;  and 

*  The  Artanthe  eucahiptifolia  is  used  in  Brazil  in  case  of  colic  ;  Piper  par- 
ihenium,  used  in  menstrual  disturijances  ;  Chavica  betle.  and  Siriboa  cause 
salivation,  and  decrease  the  function  of  the  skin.  Besides  these,  Acrocar- 
]n(lu(m  hlspididiim,  Cucculmjon  capcnsc,  Artanthe  adunca,  C/iavica  adunca 
and  others,  possess  active  and  useful  properties. 
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if  samples  of  eacli  of  the  kinds  named  were  mixed  together,  it  is 
doubtful  whether  an  adept  even  could  separate  the  berries  again, 
identifying  each  sort  witli  any  correctness.  The  merchant,  indeed, 
relies  more  u2:)on  the  weight  than  the  appearance ;  he  takes  a 
handful  of  peppercorns,  and  by  long  practice  can  tell  in  a  moment 
whether  it  is  a  light  or  a  heavy  sample.  Chevallier  has  deter- 
mined the  weight  of  what  is  technically  called  heavy,  half-heavy, 
and  light  pepper.  A  litre  of  the  first  weighed  530  grms.  ;  of  the 
second,  512  grms. ;  of  the  third,  470  grms.  That  there  is  con- 
siderable difierence  in  weight  in  the  different  berries  is  certain, 
for  the  writer  carefully  weighed  100  berries  of  each  kind,  with 
the  following  result : — 


If,  then,  quality  is  to  be  judged  of  by  weight,  Penang  and 
Malabar  may  be  bracketed  together  as  standing  first,  Sumatra 
holding  the  second  place,  and  Trang  and  Tellicherry  bracketed 
together  in  the  third.  The  general  opinion  of  the  trade  is,  that 
Malabar  is  really  the  heaviest,  and  possibly  the  samples  of 
Penang  which  the  writer  possesses  are  unusually  fine.  The 
whole  of  the  ground  peppers  of  coramei'ce  are  mixtures  of  different 
kinds  of  pepper;  there  is  no  such  thing  to  be  found  in  the  shops 
as  a  pure  gi-ound  Malabar  or  a  pure  ground  Penang.  The 
principal  varieties  mixed  for  household  pui-jjoses  and  retailed  are 
Malabar,  Penang,  and  Sumatra;  the  first  of  these  is  the  dearest. 
The  usual  mixture,  according  to  Chevallier,  is — 


The  pepper  thus  mixed  is  either  ground  by  the  aid  of  large  mill- 
.stonos,  or  in  an  apparatus  perfectly  analogous  to  a  coffee-mill. 
The  latter  mode  is  far  preferable  to  tlie  foi'iner,  as  the  friction  of 
the  stones  develops  considerable  heat,  and  dissipates  some  of  the 
aromatic  principles.  Pepper  thus  damaged  by  the  heat  of  the 
mechanical  operations  is  technically  known  as  "  burnt."* 

Structure  of  Pepper. — A  thin  section  of  the  pepper  berry 
shows,  from  without  inwards,  (1.)  a  layer  of  elongated  cells,  large 
and  distinct,  having  a  central  cavity,  from  which  numerous  lines 


Grammes. 


100  peppercorns  of  Penang  weighed 

100  ,,  Malabar 

100         ,,  Sumatra  ,, 

100  „  Trang 

100  ,,  Tellicherry,, 


6-2496 
6 -05,36 
5-1476 
4-5736 
4-5076 


33  per  cent,  of  Malabar  to  give  weight, 

33        ,,        Penang       ,,     strength,  and 

33        ,,        Sumatra     ,,  colour. 


*  From  Art.  Pepper  in  the  Author's  "  Diet,  of  Hygibno." 
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radiate  towards  the  circumference  ;  (2.)  a  layer  of  small,  angular, 
dark-coloured  cells;  (3.)  a  thin  stratum  of  woody  fibre  and  spiral 
vessels ;  (4.)  a  layer  of  large  round  cells ;  (5.)  a  tissue  divisible 
into  two  layers,  the  outer  consisting  of  coloured  cells,  the  inner 
colourless,  and  really  constituting  a  membrane. 

Pepper  contains  an  alkaloid  {Fiperin),  a  volatile  oil,  and  an 
acrid  resin,  besides  gum,  starch,  vegetable  albumen,  salts,  and 
other  substances. 

Oil  of  Pep2]er  has  a  specific  gravity  of  from  0'86  to  0*99,  and 
a  boiling  point  167°  to  170°.  It  is  a  clear  fluid,  piossessing  a 
mild  taste,  and  coi-responds  to  the  formula  C^o^^ig-  Both  white 
and  black  pepper  contain  a  little  more  than  1  per  cent,  of  this 
oil.* 

§  299.  Piperin — (Cj^H^gNOg) — was  discovered  by  Oerstedt  in 
1819;  it  is  found  in  white,  long,  and  black  pepper,  in  Chavica 
officinarum,  in  cubebs,  in  the  berries  of  Schinus.  mollis,  and  in 
the  bark  of  Liriodendron  tidipifera.  When  pure,  piperin  crystal- 
lises in  colourless,  brilliant,  four-sided  pi-isms  ;  it  is  almost,  taste- 
less, and  jiresents  no  alkaline  reaction.  It  melts  to  an  oily  mass 
at  about  100°,  solidifying  in  a  resinous  form ;  is  soluble  in 
petroleum  ether,  alcohol,  ether,  the  volatile  oils,  benzole,  chloro- 
form, and  creosote.  Concentrated  nitric  acid  changes  it  into  an 
orange-red  resin  ;  if  this  be  treated  with  a  solution  of  caustic 
potash,  a  blood-red  colour  is  produced,  and  on  boiling  piperidin 
developed.  Long  heating  with  alcoholic  potash  decomposes 
piperin  into  piperidin  and  piperinate  of  potash,  and  the  same 
substance  is  quickly  developed  by  heating  with  soda  lime. 

Piperidin — CgHj^N  (best  obtained  by  dry  distillation  of  pipei'iu 
with  three  times  its  weight  of  soda  lime) — is  a  clear,  coloui'less, 
bitter,  strongly  alkaline  fluid,  which  boils  at  106°,  and  has  an 
odour  both  of  pepper  and  ammonia.  It  dissolves  in  water  and 
alcohol  in  all  proportions,  and  forms  good  crystalline  salts  with 
acids. 

Piperic  Acid — C^gH^oO^ — is  obtained  by  boiling  piperin  with 
alcoholic  potash,  decomjiosing  the  jiiperate  of  potash  by  the 
addition  of  HCl,  and  subsequent  purification  of  the  acid  by 
crystallisation  from  alcohol.  The  acid  is  in  the  form  of  yellow 
hair-like  needles,  some  of  which  may  be  sublimed  undecomposed; 
they  dissolve  easily  in  boiling  alcohol,  but  are  scarcely  soluble  in 
water. 

Bucheim  lias  given  the  name  of  "Chavicin"  to  a  substance 
Avhich  he  separated  as  follows  : — Black  pe])per,  after  being  ex- 
hausted of  all  matters  soluble  either  in  alcohol  or  water,  was 


*  T)nmns.—Jmirn.  Chem.  Med.,  xi.  308. 
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treated  with  etter.  The  ethereal  extract  was  shaken  up  with 
potash  ;  on  then  separating  and  distilling  the  ethei*,  chavicin  is 
left  behind,  of  the  consistence  of  thick  turpentine,  and  possessing 
a  biting  taste ;  it  has  not  yet  been  obtained  pure. 

§  3U0.  The  Ash  of  Pepper. — TJie  following  is  an  analysis  of 
the  ash  of  Tellicherry  pejiper  : — 


Of  all  of  these  constituents  the  sand  is  the  roost  variable. 
The  highest  determination  of  sand  which  the  writer  has  as  yet 
met  with,  occurred  in  a  sample  of  Penang  pepper,  which  gave  9 
parts  of  sand  in  every  100  of  ash ;  but  if  we  allow  that  a  pepper 
ash  may  contain  10  parts  in  every  100  of  sand,  how  on  any 
theory,  except  that  of  wilful  adulteration,  can  we  account  for  the 
fact  of  the  ground  joepper  of  commerce  yielding  to  the  analyst  an 
ash  one-third  or  one-half  of  which  is  very  commonly  found  to 
consist  of  sand  %  The  iron,  part  of  which  is  magnetic,  the  alka- 
line earths,  the  chlorine,  the  alkalies,  all  vary  somewhat ;  but 
there  is  one  constituent  which  is  extremely  constant,  and  may 
be  of  technical  utility,  and  that  is,  the  phosphoric  acid.  The 
phosphoric  acid  averages  8"5  per  cent,  of  the  ash.  Pepper  also 
has  veiy  minute  quantities  of  cai-bonate  ;  a  sample  of  finely 
powdered  Malabar  pepper,  ti-eated  with  acid,  and  placed  in  an 
absorption  apparatus  connected  with  an  aspirator,  which  drew 
through  the  solution  perfectly  dried  carbonic-acid-free  air,  yielded 
•657  milligramme  of  CO.,,  or  about  '143  per  cent,  of  the  ash; 
hence  the  10  or  11  per  cent,  of  C0„  in  the  ash  must  be  produced 
from  the  organic  salts,  &c. 

Nitrates  and  Nitrites  in  Pepper. — Comparatively  few  observa- 
tions of  the  amount  of  nitrates  ,'ind  nitrites  in  organic  substances 
are  on  record  :  it  is  a  subject  of  some  scientific  interest,  especially 
since  it  lias  been  observed  that  nitrates  and  nitrites  are  decom- 
posed in  the  ])rescnce  of  free  oxalic  acid.  Whether  the  deter- 
mination of  nitric  acid  will  be  of  service  to  the  food-analyst  or 
not  is  unknown ;  it  certainly  may  be  so,  if  it  be  found  that  a 
substance  rich  in  nitrates  is  fraudulently  mixed  with  one  jioor  in 
nitrates. 


100  grms.  of  Asli. 


Potash, 
Soda, 

Magnesia,  . 

Lime, 

Iron, 

Phosphoric  acid, 
Sulphuric  acid,  . 
Chlorine,  . 
Carbonic  acid, 
Sand, 


24-380 
3-226 

13-  000 
11-600 

0-300 

8-  470 

9-  613 
7-570 

14-  000 
6-530 
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Calculated  as 
Nitric  Acid. 
Grms. 


100  grms.  uudried  Penang  pepper  yield  0 '04470 

Malabar       ,,  0-03858 

Tellicherry  „  0-08860 

,,  ,,       Sumatra      ,,  0-06560 

Trang  „  0-11870 


§  301.  General  Composition  of  Pepper. — In  a  sample  of  Penang 
pepper  analysed  by  the  writer  : — 

Per  cent. 


Volatile  oil,   1-04 

Acrid  resin,  .......  1*77 

Piperin,        .......  5'17 

Substances  soluble  in  water,  gum,  starch,  and 

other  matters,  subtracting  ash,         .       .  14'74 

Substances  insoluble  in  alcohol  and  water,    .  67-75 

Water,   9  53 


100-00 

The  following  table  exhibits  some  analyses  made  by  the  writer 
in  1876  of  genuine  black  peppers,  and  may  be  compared  with 
similar  determinations  of  white  and  long  peppers  : — 

TABLE  LIT.— GENERAL  COMPOSITION  OF  COMMERCIAL 

PEPPERS. 


a 

p.  <a 
o  u 

U 

(D 

Oj  O 

-xtract 
dried 

Asli 

in  Pepper  dried  at 
100". 

ose 
istu 

.2  ^ 

g| 
W 

Piperin 
dried 

Reain  i 
dried 

Aqueou 
in  Pep 
at 

Soluble  in 
water. 

Total. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Penang,  . 

9-53 

5-57 

2-08 

18-33 

2-21 

4-18 

Tellicherrj', 

12-90 

4-675 

1-70 

16-5 

3-38 

5-77 

Sumatra,  . 

10-10 

4-702 

1-74 

17-59 

2-62 

4-31 

Malabar,  . 

10-54 

4-632 

1-74 

20-37 

3-45 

5-19 

Trang,  . 

11-66 

4-600 

1-70 

18-17 

2-53 

4-77 

White  Pepjicr,  \ 
Commei'cial,  / 

10-30 

5-000 

2-05 

0-56 

1-12 

Long  Pepper,  . 

1-SOO 

0-SO 

16-82 

4-47 

S-30 

§  302.  Analysis  of  Pepper. — Tlie  asli  and  hygroscopic  moisture 
i-e  estimated  in  the  usual  manner.    The  commercial  value  of  a 
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pepper  ought  to  bear  a  definite  relation  to  tlie  piperin  and  acrid 
resin,  so  that  the  latter  constituents  are  the  most  important  to 
determine. 

There  are  two  methods  of  estimating  the  piperin  and  resin  : — 
The  one  is  to  exhaust  thoroughly  the  finely  powdered  pepper 
■with  strong  alcohol,  evaporate,  and  weigh  the  extract,  which 
practically  consists  of  nothing  but  resin  and  piperin.  The  latter 
is  now  separated  by  digestion  with  soda- lye,  which  dissolves  the 
resin,  leaving  insoluble  the  piperin,  which  may  be  redissolved  in 
strong  alcohol,  filtered,  evaporated,  and  Aveighed  as  piperin. 
The  other  process,  which,  on  the  whole,  is  preferable,  is  to  dis- 
solve the  piperin  out  by  petroleum  ether,  and  purify  the  extract 
thus  obtained  as  before.  Some  chemists,  again,  first  extract 
■with  alcohol,  and  then  treat  the  alcoholic  extract  with  petroleum 
ether,  a  method  which  is  equally  valid,  but  not,  perhaps,  so 
convenient  as  the  second  given. 

§  303.  Adulterations  of  Pepper. — Pepper  has  been  adulterated 
for  at  least  two  centuries  and  a  half;  for  Pierre  Pomet,*  writing 
in  1614,  says  :  "  As  the  greatest  part  of  pepper,  white  as  well  as 
black,  is  sold  '  hcdtu''  (that  is  to  say,  powdered),  it  should  only  be 
bought  of  honest  merchants ;  because  all  the  pepper  the  retailers 
sell  is  no  other  thing  for  the  white  than  '  epices  cVAuvergne 
blanchees,'  or  rather  black  pepper  whitened  with  ground  rice;  the 
black  is  only  the  dust  either  of  the  crust  of  bread,  grey  Auvergne 
spices,  or  manignette." 

The  list  of  the  adulterations  enumerated  by  authors  is  an 
extraordinary  one.  Linseed  meal,  rice,  pepper  leaves,  mustard, 
■wheat  flour,  sago,  woody  fibre,  chillies,  rape-seed,  potato,  spices, 
capsicum,  manignette  (otherwise  known  as  Guinea  pepper), 
chicory,  rye,  powdered  leaves  of  the  laurel,  which  had  been  pre- 
viously used  to  wrap  round  extract  of  liquorice,  the  stones  from 
olives,  bone-dust,  marine  salt,  and  various  mineral  adulterations, 
are  all  said  to  have  been  detected. 

However  various  may  be  the  adultei'ations  in  France  (where, 
Chevallier  tells  us,  in  Paris  alone  he  is  acquainted  with  a  manu- 
factory producing  1200  to  1500  kilogrammes  annually  of  a 
mixture  sold  solely  for  the  purpose  of  adulterating  popper),  the 
only  common  adulterations  of  tliis  country  arc  what  are  known 
in  the  trade  as  P.D.,  H.P.D.,  and  W.P.D.,  abbreviations  for 
pepper-dust,  hot  popper-dust,  and  white  pepper-dust.  The  first,  or 
P.D.,  used  to  bo  principally  composed  of  faded  leaves,  but  linseed- 
meal  is  now  preferred  ;  H.P.D.  is  chiefly  the  husks  of  mustard 
and  W.P.D.  is  ground  rice.    To  all  these  we  mxint  add  sand, 


•  Pomet:  "Hist.  G6n.  des  Drogues,"  1735. 
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which  is  most  certainly  used,  though  whethei-  derived  from  the 
sweepings  of  the  shops,  or  added  as  sand,  is  by  no  means  clear. 
The  sand,  of  course,  influences  the  weight  of  the  ash,  which 
should  never  exceed  7  per  cent. 

Dr.  Hassall  made  some  determinations  of  the  ash  of  some 
fifteen  or  sixteen  commercial  samples  of  black  pepper  ;  of  these 
only  one  was  vmder  5  per  cent.,  the  percentages  of  the  other 
fifteen  being  distributed  as  follows  : — 

One  gave  between  .5  and  G  per  cent,  of  ash. 
Three       ,,  0  and  7       ,,  ,, 

Three       ,,  7  and  8       ,,  ,, 

Seven       „  9  and  10       ,,  ,, 

One         , ,  11  and  12  ,, 

It  is  difficult  to  believe  that  more  than  2  per  cent,  of  unavoid- 
able mineral  dust  can  get  into  the  pepper  by  grinding,  &c.,  and 
the  inference  naturally  is  that  most  of  the  above  samples  were 
adulterated.  The  maximum  percentage  of  ash  from  genuine 
pepper  which  the  writer  has  obtained  is  5'3  per  cent. 

Besides  the  formidable  list  of  adulterations  already  mentioned, 
the  berry  itself  is  not  free  from  manipulation  ;  for,  as  the 
merchant  judges  by  the  weight  of  the  sample,  means  are  taken  to 
render  the  lighter  sorts  equal  in  weight  to  the  heavy  Malabar 
and  Penang,  and  in  order  to  do  this  they  are  macerated  in  tubs 
of  brine  for  twenty-four  hours,  and  thus  impregnated  with  salt 
and  water  find  their  way  into  the  market  as  Malabar  ;  but  such 
samples  are  quickly  recognised  by  the  astute  merchant ;  and  the 
high  chlorides,  the  high  ash,  the  great  amount  of  humidity,  could 
hardly  fail  to  reveal  their  nature  to  the  analyst. 

As  coffee  has  been  cleverly  imitated  by  chicory  pressed  into 
the  shape  of  the  coffee-berry,  so  by  pressing  vai'ious  pastes  into 
the  shape  of  the  pepper-berry  has  pepper  been  imitated.  Of  this 
adultei'ation  there  is  the  most  undoubted  evidence.  Accum 
noticed  artificial  jieppercorns  made  of  oilcake,  common  clay,  and 
Cayenne  pepper,  and  Chevallier,  in  a  recent  paper,  states  that  in 
1843  he  was  requested  to  examine  a  sample  taken  from  forty 
bales,  in  which  he  found  from  15  to  20  per  cent,  of  artificial 
pepper,  composed  of  pepper-dust,  bran,  and  other  matters.* 

LEGAL  CASE. 

Pepper  adulterated  with  Sand,  and  containing  Sago. 

At  the  (JardiH'  Folice-Court,  1875,  a  grocer  was  summoned  for  selling 
adulterated  pepper.  The  town-clerk  conducting  the  prosecution,  had  sent  a 
samjilc  to  Dr.  Hassall,  M'ho  stated  the  quantity  of  ash  fouud  in  genuine  pepper 

*  Art.  Pepper  in  author's  "Diet,  of  Hygi&ne." 


§  303.] 


PEPPER — LEGAL  CASE. 


499 


as  varying  from  3'S43  per  cent,  to  4-061  per  cent.,  the  highest  amount 
found  being  5'25  per  cent.  No  genuine  ground  pepper  as  sold  should  con- 
tain 5 '5  per  cent,  of  ash.  The  sample  of  pepper  sent  up  to  him  in  this  case 
for  analysis  contained  3  per  cent,  of  sago,  and  12  per  cent,  of  earthy  matter, 
one-half  of  which  was  silica.  The  presence  of  sago  he  attributed  to  accident, 
the  quantity  being  so  small ;  and  the  presence  of  earthy  matter  and  sand 
to  the  improper  manner  of  drying  the  pepper  berries,  and  not  to  adultera- 
tion. 

Mr.  J.  W.  Thomas,  the  local  analyst,  gave,  as  the  result  of  his  analysis, 
that  the  pepper  contained  sago,  rice,  and  arrowroot,  with  a  large  quantity 
of  woody  fibre  and  dust,  other  than  that  of  pepper,  the  quantity  of  this  ash 
being  10'5  per  cent. 

A  third  analyst  gave  as  the  result  of  his  analysis  that  the  pepper  contained 
3  per  cent,  of  starchy  matter,  and  10  per  cent,  of  ash,  one-half  of  which  was 
sand.  He  considered  the  pepper  genuine,  but  of  an  inferior  quality.  The 
presence  of  starchy  matter  was  due,  he  believed,  to  accident  or  carelessness 
in  those  who  had  the  handling  of  the  pepper  before  being  sold.  The 
quantity  was  so  small  that  it  was  scarcely  probable  it  had  been  added  for 
the  purpose  of  adulteration.  In  reply  to  questions  from  the  Bench  he  stated 
that  he  considered  the  sample  of  pepper  a  very  bad  one,  but  it  was  genuine 
pepper.  The  presence  of  even  25  or  30  per  cent,  of  ash,  such  as  was  found 
in  this  case,  would  be  no  proof  of  adulteration.  The  earthy  matter  found 
there  would  most  probably  be  the  result  of  the  dust  and  other  matter 
adhering  to  the  berries  when  exposed  to  the  atmosphere  to  di-y. 

On  cross-examination,  this  gentleman  considered  that  the  ash  was  in 
excess  of  what  might  be  expected  to  be  found,  and  would  only  be  discovered 
in  inferior  samples.  He  then  explained  that  the  pepper  berries,  after  being 
dried,  would  naturally  have  particles  of  eartliy  matter  adhering  to  the  husks. 
After  being  dried  they  were  packed  in  bags,  and  in  the  course  of  time  the 
husk  would  probably  separate  from  the  com,  and  the  dust  becoming  dry 
would,  by  force  of  gravity,  fall  to  the  bottom.  The  sample  of  pepper  at 
the  top  of  the  bag  might  not  contain  more  than  4  per  cent  of  earthy  matter, 
but  that  at  the  bottom  20,  and  although  the  20  per  cent,  were  found  in  the 
sample  taken  from  the  bottom,  that  would  be  no  proof  of  adulteration. 

The  Bench  dismissed  the  case. 

The  author  is  of  opinion  that  the  Bench,  in  the  face  of  the  evidence, 
could  scarcely  do  otherwise  than  dismiss  the  case  ;  but  the  magistrates 
were  certainly  grievously  misled  by  the  witnesses.  How  any  one  with  the 
least  knowledge  of  the  subject  could  declare  a  sample  of  pepper  containing 
20  per  cent,  of  earthy  matter  to  be  genuine  pepper,  and  of  the  nature  and 
quality  demanded  by  the  purchaser,  is  incredible.  Without  doubt,  the 
pepper  in  this  case  came  within  the  meaning  of  the  Act,  and  was  adulterated. 
If  such  a  defence  as  that  of  sand  falling  from  the  top  to  the  bottom  of  a  bag 
be  once  admitted,  it  would  come  to  this,  that  the  last  few  ounces  may  be 
found  to  contain  half  their  weight  of  sand,  and  yet  be  legally  sold  as  pe^iper 
— which  is  obviously  absurd. 
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CAYENNE  PEPPEE, 

§  304.  Cayenne  pepper  consists  of  the  powdered  pods  or  seed 
vessels  of  the  Capsicum  annuum,  a  plant  belonging  to  the  natural 
order  Solanacece.  It  is  a  native  of  America,  bitt  is  also  cultivated, 
to  a  slight  extent,  in  the  greenhouses  of  England  and  other  Euro- 
pean countries.  It  is  sold  entire  under  the  name  of  Chillies. 
The  microscopical  structure  of  the  capsules  is  somewhat  peculiar  : 
the  epidermis  is  formed  of  cells  the  walls  of  which  are  thick, 
flattened,  tortuous,  well  defined,  and  punctuated  here  and  there ; 
frequent  drops  of  a  reddish-orange  oil  occur,  especially  in  the 
parenchyma,  which  is  formed  of  thin-walled,  rounded  cells.  The 
envelope  of  the  grain  itself,  when  cut  in  thin  vertical  sections, 
presents  a  very  singular  appearance,  that  of  radiating  dentiform 
processes,  the  apex  of  each  being  apparently  fixed  in  the  outer 
membrane.  The  substance  of  the  seed  proper  is  composed  of 
small  angular  cells,  with  thick  colourless  walls,  filled  with 
granules  and  a  yellow-orange  oil,  but  without  starch. 

Cayenne  pepper,  as  met  with  in  commerce,  is  in  the  form  of  a 
somewhat  coarse,  brick-dust  like  powder,  the  least  particle  of 
which,  if  heated  strongly,  volatilises  a  very  acrid  vapour,  causing 
intense  irritation  of  tlie  throat.  This  sensation  can  be  produced 
by  so  minute  a  portion  of  cayenne,  that  any  foreign  substance 
mixed  witli  it  could  in  this  way  be  detected ;  it  would  be  only 
necessary  to  separate  carefully,  by  the  aid  of  the  microscope  and 
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a  camel's-hair  brush,  all  particles  of  cayenne,  and  heat  the  portion 
suspected  ;  if  no  acrid  vapours  were  given  off,  the  substance  could 
not  be  cayenne.  This  intense  acridity  appears  to  be  due  to  a 
body  recently  discovered  by  Mr  Thresh,  and  named  by  him 
Capsaicin. 

§  305.  Capsaicin — (CgHj^Og),  specific  gravity  1060 — is  in  the 
form  of  minute  crystals,  Avhich  melt  at  55°'5  (138°F.),  volatilise 
unchanged  at  115°-6  (240°F.),  and  at  120°  (248°F.)  become 
brownish-black.  It  may  be  obtained  by  exhausting  cayenne  by 
petroleum,  evapoi'ating  the  petroleum,  and  treating  the  extract 
thus  obtained  by  dilute  solution  of  potash  ;  on  now  saturating 
the  solution  with  carbonic  anhydride,  it  is  precipitated  in  very 
small  crystals.  It  dissolves  slightly  in  cold,  and  more  readily 
in  boiling,  water  ;  is  easily  soluble  in  alcohol,  proof  spirit,  ether, 
amylic  alcohol,  acetic  ether,  acetic  acid,  benzine,  the  fixed  oils, 
and  solutions  of  the  alkalies.  It  dissolves  slowly  in  turpentine 
and  carbonic  disulphide  ;  when  pure,  petroleum  does  not  dissolve 
it  readily,  hwt  the  presence  of  the  red  oil  in  the  pepper  increases 
its  solvent  powers  ;  it  is  totally  insoluble  in  solutions  of  the  car- 
bonates of  the  fixed  alkalies,  and  in  ammonia.  Silver  nitrate 
gives  a  precipitate  with  alcoholic  solutions  of  capsaicin ;  it  also 
yields  white  precipitates  with  bariiim  and  calcium  chlorides.  It 
is  powerfully  pungent,  causing,  if  volatilised,  severe  fits  of 
coughing. 

It  would  appear  that  capsaicin  is  not  contained  in  the  sub- 
stance of  the  seed  ;  for  if  the  pericarp  be  carefully  separated,  the 
seeds  are  entirely  devoid  of  acrid  taste. 

Mr.  Thresh  has  also  described  a  conium-like  alkaloid,  obtained 
by  exhausting  the  pericarp  with  benzine,  evaporating,  dissolving 
in  ether,  shaking  the  sokition  with  dilute  sulphuric  acid,  par- 
tially neutralising  with  barium  carbonate,  and  evaporating  to  a 
small  bulk.  Some  red  fat  now  separates,  and  after  the  removal 
of  this  (upon  adding  an  excess  of  alkali,  shaking  with  ether,  and 
evaporating)  a  brown  residue  is  obtained,  smelling  like  conium, 
and  giving  precipitates  with  Nessler  reagent,  iodine,  and  iodides 
of  potassium  and  cadmium. 

The  acrid  oil  Capsicol,  Capsicin,  and  other  substances  described 
by  Bucholz,  Bracannot,  Buchheim,  &c.,  are  undoubtedly  mix- 
tures. The  general  composition  of  cayenne  pepper  may,  how- 
ever, be  gathered  from  the  following  analyses,  one  made  in  1816 
by  Bucholz,  the  second  in  1817  by  JBracannot,  of  coixrse  neither 
taking  cognisance  of  capsaicin  : — 
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BUCHOLZ'S  ANAXYSIS. 

Acrid  soft  resin  (capsicum),        ....  4"0 

Wax,   7-6 

Bitter  aromatic  extractive,   8  6 

Extractive,  with  some  gimi,        .       .       .       .  21 '0 

Gum,   9-2 

Albuminous  matter,    ......  3 "2 

Woody  fibre,   28-0 

Water,   12  0 

Loss,   6  4 


Fruit  of  Capsicum  anntmm,  without 

seeds   100-0 

BRACANNOT'S  ANALYSIS. 

Acrid  oil,   1"9 

Wax  and  red  colouring-matter,    .       .       .       .  0'9 

Brownish  starchy  matter,    .       .       .       .       .  9"0 

Peculiar  gum,      .......  6  '0 

Animalised  matter,      .       .       .       .       .       .  5  0 

Woody  fibre,   67-8 

Salts:  extract  of  potash,  6 '0;  phosphate  of  potash 

and  chloride  of  jjotassium,  3  '4,         .       .       .  9  '4 


Fruit  of  Capsicum  annuum,  .       .  lOO'O 


The  hygroscopic  moisture  ranges  in  different  samples  from  10 
to  13  jDer  cent.  The  writer  analysed  several  samples  of  genuine 
cayenne,  and  the  mean  of  these  analyses  was  as  follows : — 


Per  cent. 

Aqueous  extract  of  dried  cayenne,     .       .       .       32 '1 
Alcoholic  extract,      .       .       .       .       .       .       25 '79 

Benzole  extract,        ......       20 '00 

Ethereal  extract,  10-43 

Ash   5-693  (soluble,  3-32) 

Total  nitrogen  in  100  grms. ,      .       .       ,       .        2  04 


Hence  the  ash  of  cayenne  should  not  exceed  G  per  cent. ;  it 
should  yield  at  least  one-quarter  of  its  weight  to  alcohol,  and 
from  9  to  10  per  cent,  to  ethei*. 

§  306.  The  Achdlerations  of  Cayenne  usually  enumerated  are:  all 
kinds  of  red  minei-al  powders,  fi-om  brick-dust  to  cinnabar,  and  a 
few  starches.  There  does  not  appeal-,  however,  to  have  been  any 
conviction  recently  for  the  adulteration  of  cayenne,  and  the 
numerous  samples  the  writer  lias  examined  were  all  genuine. 
Most  of  these  additions  would  be  easily  detected  in  the  ash,  or 
by  tlie  microsco])e.  Cinnabar  is  highly  improbable ;  for  its  detec- 
tion, see  "  Mercury,"  in  the  second  volume  of  this  work. 
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THE  SWEET  AND  BITTER  ALMOND. 

§  307.  The  sweet  almond,  the  seed  of  Amygdala  comnmnis,  and 
the  bittei"  almond,  the  seed  of  Amygdalus  communis,  var.  Amara, 
enter  either  in  whole  or  in  part  into  so  many  articles  of  food 
(such  as  sweetmeats  and  pastry,  and  as  a  flavouring  ingredient 
into  certain  drinks),  that  it  is  absolutely  necessary  to  be  acquainted 
with  their  chemical  composition.  Both  varieties  of  almond  agree 
in  containing  about  50  per  cent,  of  a  bland  fixed  oil  (consisting 
chiefly  of  olein,  and  liable  to  become  rancid),  as  well  as  an 
albuminous  principle,  emulsin,  sugar,  gum,  and  woody  fibre ; 
but  only  in  the  bitter  almond  is  found,  in  addition  to  the  fore- 
going, amygdaline. 

§  308.  Tli,e  Oil  of  Almonds  is  a  thin  fluid  oil,  of  a  clear  yellow 
colour,  specific  gravity  0-914  to  '920,  not  coagulated  by  a  cold  of 
—  10°  ;  at  — 16°  it  becomes  cloudy,  and  at  — 22°  it  solidifies  to  a 
white  butter.  Oil  of  almonds  appears  to  be  rather  frequently 
adulterated  with  other  oils. 

2 '5  drops  of  the  oil,  shaken  with  an  equal  bulk  of  nitric  acid 
(specific  gravity  1-20)  and  bisulphide  of  carbon,  should  not  show 
any  colour  after  standing  a  few  minutes  ;  if  it  becomes  within 
half  an  hour  yellow,  or  reddish-yellow,  the  change  indicates  oil 
from  cherry  or  apricot  kernels. 

The  following  test  will  detect  drying  oils  : — Dissolve  one  part 
of  starch  in  3  parts  of  warm  nitric  acid,  of  1"20  specific  gravity, 
and  warm  in  a  capacious  vessel  over  the  water-bath  with  10  parts 
of  almond  oil,  until  all  evolution  of  gas  ceases.  The  oil  after 
cooling  is  within  two  days  changed  into  a  warty,  crystalline, 
greasy  mass  of  elaidin.  Should  it,  however,  contain  a  drying  oil 
{poppy,  for  example),  it  either  remains  quite  fluid  or  semi-fluid, 
according  to  tlic  pro[)ortion  of  tlio  adulterant  present.  The 
colour  of  the  elaidin  is  also  a  guide;  that  produced  by  the  sweet 
almond  is  pure  white,  by  the  bitter,  yellowish-white,  and  by  the 
small  or  inferior  kinds  of  almonds,  brownish-yellow;  if  the  elaidin 
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should  be  red,  it  denotes  adulteration  of  some  foreign  oil,  especially 
of  sesame. 

Pure  almond  oil  dissolves  in  25  parts  of  cold  and  6  of  liot 
alcohol.  The  above  tests,  and  in  addition  the  low  temperature 
required  for  congelation,  should  detect  all  ordinary  adulterations. 

§  309.  Amygdaline  (CjoHoyNOj^i)  is  a  glucoside,  discovered  in 
1830  by  Kobiquet  and  Boutron-Chai'lard.  It  may  be  extracted 
from  almond-cake  by  boiling  alcohol  of  95  per  cent.,  and  then 
precipitated  from  the  somewhat  concentrated  alcoholic  solution 
by  ether.  Amygdaline*  crystallises  from  80  per  cent,  alcohol  in 
colourless  glittering  scales,  containing  two  atoms  of  water:  it  can 
also  be  obtained  in  cx-ystals.  Amorphous  amygdaline  of  the 
before-mentioned  cherry-laurel  leaves  and  buckthorn  bai-k  is  best 
obtained  by  the  following  method : — The  dried  buckthoim  bark 
is  boiled  with  absolute  alcohol,  agitated  with  lead  oxide,  and 
evaporated  to  di-yness.  Dried  in  a  vacuum  over  SO^Hg  it  forms 
a  brittle,  yellow,  transparent,  resin-like  mass,  which,  when  heated 
to  100°,  becomes  dark-brown ;  it  can  be  dissolved  by  boiling 
alcohol  and  by  water,  but  is  insoluble  in  ether.  Although  amor- 
phous, it  is  a  crystalloid  with  three  atoms  of  water,  as  proved  by 
dialysis  from  water  or  weak  spirit,  but  in  such  a  case  it  loses  one 
atom  if  dried  over  sulphuric  acid.  At  100°  to  120°  it  may  be 
obtained  anhydrous. 

Amygdaline  possesses  no  smell ;  it  has  a  slightly  bitter  taste  ; 
its  reaction  is  neutral,  and  it  polarises  to  the  left  [a]  r  =  -  35"57°. 
It  dissolves  in  all  proportions  in  boiling  water,  and  in  12  parts 
of  cold  of  10°;  requires  148  parts  of  alcohol,  specific  gravity  0-939, 
904  parts  of  alcohol,  specific  gravity  0-8 19,  if  cold — but  if  boiling, 
11  parts  of  the  first  and  12  of  the  last ;  it  is  insoluble  in  ether. 
It  melts  at  120°,  and  begins  to  carbonise  at  1 60°,  when  it  develops 
a  caramel  smell,  and  is  at  length  fully  destroyed. 

*  Lehmann,  in  liis  recent  elaborate  researches,  foiuid  the  method  of  Liebig 
and  Wohler  the  best  for  obtaining  crystalline  amygdaline.  The  process  con- 
sists in  boiling  the  substance  with  strong  alcohol  (of  94  to  *J5  per  ceut.) 
twice  successively,  after  having  first  removed  the  lixed  oil  by  petroleum 
benzine,  concentrating  to  about  one-half  or  one-sixth  of  its  volume ;  and  then 
adding  ether,  which  precipitates  the  amygdaline,  and  removes  any  of  the 
remaining  fixed  oil.    Lehmann  obtained  from 

Bitter  almonds,       .  .  2'5  per  cent,  crystallised  amygdaline. 

Cherry-kernels,       .  .  0-82  ,, 

Plum-kermels,         .  .  O'DG      ,,  ,, 

Apple-seeds,    .       .  .  O'GO      ,,  ,, 

Peach- kernels,         .  ,  2-35      ,,  ,,  „ 

Cherry-laurel  leaves,  .  1-.38  per  cent.  amori)hous  amygdaline. 

^'M-k  ol  JihaniHus/rangala,  0'7        ,,  ,,  ,, 

Both  of  these  latter  substances  contain  hydrocyanic  acid  ready  formed. 
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Amygdaline,  by  the  action  of  dilute  hydrochloric  acid,  splits  up 
into  glucose  and  mandelic  acid,  volatile  oil  of  almonds,  and  formic 
acid.  If  boiled  with  solutions  of  potash  or  baryta  it  forms  ammonia 
and  amygdalic  acid.  The  most  interesting  decomposition  is,  how- 
ever, that  which  takes  place  by  the  action  of  emulsin  ;  it  then 
breaks  up  into  volatile  oil  of  almonds,  hydrocyanic  acid,  and  formic 
acid.    (See  Prussic  Acid,  in  the  second  volume  of  this  work.) 

Volatile  Oil,  or  Essence  of  Almonds,  does  not  exist  as  such  in  the 
bitter  almond  ;  it  is,  as  above  explained,  the  result  of  the  decom- 
position of  the  amygdaline.  The  oil  of  almonds,  when  properly 
purified  from  prussic  acid,  is  identical  with  the  hydride  of  benzole, 
C7H5OH.  It  is  colourless,  thin,  turning  a  ray  of  polarised  light 
to  the  right,  of  a  peculiar,  pleasant  odour,  and  a  burning  aromatic 
taste.  Its  specific  gravity  is  1"043  to  TOT,  usually  1'06  (Hirsch). 
Its  boiling  point  is  180°.  By  the  action  of  light  and  air  it  is 
gradually  oxidised  into  benzoic  acid.  It  is  soluble  in  equal  parts 
of  alcohol,  0-830  specific  gravity,  and  in  about  30  parts  of  water. 
The  ethereal  or  volatile  oil  is  olEcinal  in  the  French,  Swiss,  and 
Norwegian  pharmacopoeias.  The  ethereal  oil  is  much  adulterated. 
The  analyst  will  specially  look  for  alcohol,  prussic  acid,  nitro- 
benzine,  and  ethereal  oDs. 

If  alcohol-free,  the  addition  of  an  equal  weight  of  fuming 
nitric  acid  produces  no  effervescence,  and  after  two  or  three 
days  the  mass  becomes  emerald  green,  and  crystals  of  benzoic 
acid  appear.  On  the  other  hand,  if  it  contain  alcohol  from 
0'08  per  cent,  upwards,  there  is  immediately  a  strong  efier- 
vescence.  Some  of  the  tests  given  for  alcohol  at  pp.  375-376  may 
also  be  of  service. 

The  detection  and  estimation  of  prussic  acid  in  the  essence  is 
carried  out  on  the  principles  detailed  in  the  article  on  Frussic 
Acid  (see  vol.  ii.) 

Nitrobenzine  is  indicated  when  the  essence  is  not  entirely 
soluble  in  a  solution  of  bisulphate  of  potash,  and  tho  specifie 
gravity  is  higher  than  1'07,  the  specific  gravity  of  nitrobenzine 
being  1'20  to  1'29;  the  boiling  point  will  also  be  raised.  In  such 
a  case  nitrobenzine  sliould  be  specially  tested  for,  by  changing  it 
into  aniline  by  reducing  agents.  For  this  purpose*  10  parts  of 
dilute  sulphuric  acid  (specific  gravity  1-117)  may  be  added  to  10 
of  granulated  zinc  and  1  part  of  the  essence.  At  the  end  of  two 
hours  (after  frequent  agitation)  the  fluid  is  passed  tlirough  a 
moistened  filter,  and  a  crystal  of  chlorate  of  potash  added  to  the 
filtrate  with  a  drop  of  concentrated  sulphuric  acid.  If  a  violet 
or  red  colour  is  produced,  it  is  due  to  the  presence  of  an  aniline 
salt,  produced  from  nitrobenzine;  but  if  there  is  no  coloration, 
nitrobenzine  must  have  been  absent. 
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Another  special  method  used  for  the  detection  of  nitrobenzine 
was  proposed  by  Maisch : — 1  grm.  of  the  essence  is  dissolved  in 
twelve  times  its  volume  of  alcohol,  -75  of  caustic  melted  potash 
is  added,  and  the  whole  heated  until  the  liquid  is  diminished  to 
about  one-third.  The  pure  essence,  on  cooling,  is  of  a  light 
brown  colour,  and  dissolves  entirely  in  water;  but  if  nitroben- 
zine is  present,  the  residue  is  brown,  crystalline,  and  insoluble 
in  water. 

The  action  of  sodium  on  the  essence  may  also  be  utilised  as  a 
test : — Pure  almond  essence,  when  treated  with  sodium,  gives 
white  flocks;  if  nitrobenzine  should  be  present,  the  sodium  is 
immediately  covered  with  yellow  or  brown  flakes,  according  to 
the  amount  of  adulteration;  if  the  percentage  rises  as  high  as 
0-30  to  0'50,  the  whole  liquid  after  a  minute  becomes  thick  and 
opaque.    {Dragendorff. ) 

However,  the  action  of  potash  alone  on  a  sample  adulterated 
with  nitrobenzine  is  tolerably  conclusive.  If  one  grm.  of  the 
essence  is  treated  in  a  test-tube  with  half  its  weight  of  pure 
caustic  potash,  a  yellow  coloration  is  produced,  should  the 
essence  be  pure;  but  if  nitrobenzine  be  present,  the  tint  soon 
becomes  yellowish-red,  and  at  tlie  end  of  a  minute  green.  On 
the  addition  of  a  little  water,  the  mixture  separates  into  two 
layers,  of  which  the  lower  is  yellow  and  the  upper  green,  the 
latter  changing  in  the  course  of  a  day  into  red.  Most  foreign 
ethereal  oils  may  be  detected  by  the  bisulphate  of  soda  test :— If  a 
little  of  the  pure  essence  be  dropped  into  a  warm  solution  of  this 
salt,  of  from  1-24  to  1-26  specific  gravity,  shaken,  and  then 
diluted  with  hot  water,  it  is  fully  dissolved;  other  essences,  on 
the  contrary,  are  insoluble. 
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ANNATTO. 

§  310.  Annatto  is  a  colouring-matter  obtained  from  the  seeds 
of  the  Bixa  wellana,  chiefly  prepared  in  Brazil  and  Cayenne. 
Although  not  used  itself  as  a  food,  it  enters  into  sevei-al  articles 
of  consumption,  and  has  been  employed  to  colour  milk,  butter, 
and  cheese. 

Microscoincal  Characters. — When  annatto  is  examined  by  the 
microscope,  the  outer  red  portion  presents  an  almost  homogeneous 
appearance,  and  the  surface  of  the  seed  proper  consists  of  narrow- 
er elongated  cells  or  fibres  vertically  disposed,  while  the  inner 
white  portion  consists  of  cells  tilled  with  starch  corpuscles,  well 
defined,  of  medium  size,  and  resembling  in  the  elongated  and 
stellate  hilum  the  starch  granules  of  the  pea  and  bean. 

In  manufactured  unadulterated  annatto,  but  little  structure  is 
met  with.  Poi-tions  of  the  outer  cells  may  be  seen;  and  in  those 
specimens,  which  in  the  course  of  their  preparation  have  not  been 
subjected  to  the  action  of  boiling  water,  a  few  starch  granules 
may  be  noticed. 

Since  this  is  the  case  with  annatto  itself,  we  can  the  more 
easily  detect  the  presence  of  most  foreign  vegetable  substances, 
such  as  turmeric  powder,  the  starch  of  wheat,  rye,  barley  and 
sago  flours.  The  salt  and  alkali  present  in  the  annatto  generally 
greatly  alter  the  appearance  of  the  turmeric.  Most  of  the 
colouriug-raatter  of  the  cells  is  discharged,  so  that  the  starch 
corpuscles  contained  within  them  become  visible.  Loose  starch 
granules  of  turmeric  may  also  be  frequently  seen,  and  in  conse- 
quence of  the  action  of  tlu)  alkali  much  enlarged. 

§311.  ChemirMl  Composition  of  Annatto. — Dr.  John  found  the 
pulp  surrounding  the  fresh  seed  to  consist  of  28  ])arts  of 
colouring  resinous  matter,  2G-5  of  vegetable  gluten,  20  of  ligneous 
fibre,  20  of  colouring  extractive  in.'itter,  4  formed  of  matters 
analogous  to  vegetable  extractive,  and  a  trace  of  spicy  and  acid 
matters.  The  colouring-matter  consists  of  a  red  substance — 
bixin,  associated  with  a  yellow,  orelliri;  the  latter  has  been  as 
yet  but  little  studied. 
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Bixin,  C^gHigO^,  when  pure,  is  an  atnorplious,  resinous,  cinna- 
bar-red substance.  It  is  scarcely  soluble  in  water  and  bisulphide 
of  carbon,  soluble  in  about  89  parts  of  cold,  and  in  25  of  hot, 
alcohol;  in  345  parts  of  ether,  in  93  of  chloroform,  and  also  in 
the  caustic  and  carbonated  alkalies.  The  alcoholic  solution  is 
coloured  orange-red  by  lead  acetate,  brownish-yellow  by  chloride 
of  mercury  and  acetate  of  copper,  brown-red  by  chloride  of  iron, 
and  it  is  precipitated  yellow  by  stannous  or  stannic  chloride ; 
concentrated  sulphuric  acid  produces  a  deep  blue.  A  solution 
of  bixin  in  an  alkaline  liquid,  on  neutralisation  with  an  acid, 
gives  a  precipitate  of  the  resin,  and  in  this  way  it  may  be  purified. 

§  312,  Adulterations. — Annatto  is  one  of  the  most  adulterated 
substances  met  with  in  commerce,  the  adulterants  being  both 
organic  and  inorganic.  The  organic  substances  used  are — tur- 
meric, rye,  barley,  and  wheat  flours.  The  inorganic — sulphate  of 
lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance  (probably 
soap),  red  ferruginous  earths  (mostly  Venetian  red),  red  lead, 
and  copper. 

When  large  quantities  of  flour  and  lime  are  used,  the  colour 
of  the  annatto  is  so  reduced  that  it  becomes  necessary  to  use 
salt,  alkalies,  and  the  red  earths,  to  restore  it  to  its  original 
standard.  Salt  heightens  the  intensity  of  vegetable  reds,  hence 
its  use.  Lead  is  probably  introduced  into  the  annatto  through 
the  Venetian  red  used.  Copper  is  added  to  prevent  the  annatto 
becoming  attacked  by  fungi. 

The  following  is  an  analysis  by  the  writer  of  a  fair  commercial 
sample. 

No.  1.  The  sample  was  in  the  form  of  a  paste,  colour  deep  red, 
odour  peculiar,  but  not  disagreeable : — 

Water,   24-2 

Eesiu  .........  28  "8 

Ash  ■       ■  22-5 

Starch  aud  Extractive  Matter,     .       .       .       .  24-5 


_  The  following  is  an  analysis  of  an  adulterated  sample.  It  was 
in  the  form  of  a  hard  brown  cake,  texture  hard  and  leathery, 
odour  disagreeable : — 


100  0 


Water, 
Resiu, 


Ash— consisting  of  Iron,  SiUca,  Chalk,  Alumiua] 


13-4 
110 


and  8alt,  '  . 
Extractive  Matter, 


48-3 


27-3 


1000 
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§  313.  The  Analysis  of  Annatto,  as  may  be  gathered  from  the 
preceding  description,  principally  resolves  itself  into  a  determi- 
nation of  the  ash  and  an  estimation  of  the  resin.  The  former 
is  determined  in  the  usual  way,  the  latter  by  exhausting  the 
sample  by  boiling  alcohol,  getting  rid  of  the  spirit  by  evaporation, 
and  then  redissolving  the  extract  thus  obtained  in  an  alkaline 
solution,  and  finally  precipitating  the  nearly  pure  resin  by  care- 
ful neutralisation  with  an  acid. 
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OLIVE  OIL. 

§  314.  Olive  oil,  as  indicated  by  its  name,  is  extracted  from 
olives,  that  is,  the  fruit  of  the  Olea  Eioropea.  Olives  furnish  from 
20  to  25  per  cent,  of  their  weight  of  oil. 

Pure  olive  oil  is  pale  yellow,  or  yellowish-green,  perfectly 
transparent,  with  a  faint  agi'eeable  odour  and  taste ;  it  com- 
mences to  thicken  and  solidify  at  from  -f  6°  to  +  8°,  and  being 
one  of  the  oils  least  liable  to  become  rancid,  is  used  for  a  variety 
of  technical  purposes  as  well  as  for  food.  The  consumption  of 
this  oil  in  France  as  a  food  or  as  an  adjunct  to  food,  is  especially 
large  in  proportion  to  the  popiilation  ;  in  Paris  alone  more  than 
5000  hectolitres  being  consumed  yearly.  According  to  Kiinig, 
the  elementary  composition  of  olive  oil  is,  carbon  7C'67  percent., 
hydrogen  11 'OS  per  cent.,  and  oxygen  11 'SS.  By  saponifying 
with  lead  oxide,  Konig  obtained  2 '01  per  cent,  of  glycerine,  and 
50-92  per  cent,  of  oleic  acids  ;  ho  returns  the  rest  as  palmitic 
and  stearic  acids.  Van  der  Becke  found,  when  he  saponified  with 
lead  oxide,  3-76  per  cent,  of  glycerine,  but  saponified  with  alcoholic 
potash  6 '41  per  cent,  of  glycerine. 

§  315.  Adulterations  of  Olive  Oil. — The  adulterations  of  olive 
oil  have  excited  more  public  attention  on  the  Continent  than  in 
this  country  ;*  but  there  is  little  doubt  that  the  oil  is  very 

*  Sec  a  letter  from  the  French  Minister  of  Agriculture  to  the  Academy. 
ComptcH  liendus,  Ixxxix.,  jj.  518. 
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extensively  tampered  witb,  oils  from  cheaper  subjects  being 
substituted  or  added  in  large  proportion.  The  number  of 
processes  which  have  been  proposed  for  the  detection  of  adulte- 
ration of  oils  in  general,  and  olive  oil  in  particular,  is  embarrassing 
to  the  student,  and  the  results  in  general  are  disappointing,  all, 
without  exception,  only  detecting  with  certainty  comparatively 
large  admixtm-es,  and  being  deficient  in  that  precision  which 
an  English  court  of  justice  requires.  However,  the  interesting 
observation  made  by  Van  der  Becke,  that  when  various  fats  are 
saponified  by  lead  oxide,  lime,  and  potash,  very  different  amounts 
of  glycerine  are  obtained,  has  led  to  the  invention  of  quantitative 
processes,  enabling  the  analyst  to  detect  with  certainty  foreign 
admixtures.*  Thus  Van  der  Becke  saponified  the  following  fats, 
and  obtained  percentages  of  glycerine  as  under — 


Lead  Oxide. 

Lime. 

Potasb. 

Cocoa  butter, 

•23 

2  19 

5-99 

Tallow, 

•13 

2^43 

7-84 

Butter, 

7^93 

7-99 

10 -59 

Lard, 

6-60 

8-27 

9-27 

Olive  oil,  . 

3-76 

G^41 

Rape-seed  oil, 

4 -20 

4-58 

Linseed  oil, 

4-40 

(3 -20 

It  is  to  be  hoped  that  further  work  Avill  be  done  in  this 
direction. 

The  processes  now  used  for  the  detection  of  adulteration  in 
olive  oil  may  be  divided  into  physical  and  chemical. 

(1.)  Physical. — The  spectrum  of  olive  oil  shows  an  absorption 
of  the  blue  and  violet  rays,  a  fine  line  in  the  green,  and  a  distinct 
deep  band  in  the  red.  B.  Nickelst  has  proposed  to  use  these  facts 
in  ox'der  to  detect  the  admixture  of  cotton-seed  oil,  which  gives 
no  bands,  and  on  comparing  a  definite  measured  stratum  of  the 
suspected  oil  with  the  same  thickness  of  genuine  oil,  by  the 
difference  in  the  intensity  of  the  absorption  adulteration  will 
be  indicated. 

liousseau's  Diagometre. — According  to  Rousseau,  olive  oil 
conducts  electricity  675  times  better  than  any  other  vegetable 
oil,  and  he  has  arranged  a  most  ingenious  galvanic  apparatus  for 
the  purpose  of  detecting  the  adulteration  of  the  oil  by  this  means. 
The  apparatus  essentially  consists  of  a  galvanometer  connected 
with  a  dry  pile,  the  needle  works  on  a  delicate  pivot  fixed  in  a 
resin  plate,  and  there  is  a  circle  divided  into  degrees  marking 
the  amount  of  deviation.    The  oil  to  be  tested  is  placed  in  a 

*  Zeii^chrlfl  fiir  Anabjtkchc  Chemic,  ISSO,  p.  291. 
■\  Pharm.  Jaiini.,  1881,  Maj'. 
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small  cup,  and  the  current  transmitted  ;  the  better  the  oil  con- 
ducts electricity,  the  greater  the  deviation  of  the  needle  from  the 
zero  point  at  which  it  is  applied  to  a  metallic  upright  connected 
with  the  oil  by  a  wire. 

Cohesion  Figures. — This  physical  process  is  described  at  p.  292. 
A  genuine  sample  of  the  oil  must  be  at  hand,  and  drops  of  this 
and  of  the  oil  to  be  tested  must  be  allowed  to  fall  from  the  same 
height,  and,  in  a  word,  under  exactly  similar  conditions,  on  to  the 
still  surface  of  water  side  by  side,  when  a  good  judgment  may  be 
formed  from  the  pattern  of  the  film,  and  its  similarity  or  dis- 
similarity to  that  of  pure  oil. 

Specific  Gravit'ij. — The  specific  gravity  is  best  taken  in  the 
ordinary  way  by  a  specific  gravity  bottle  at  15°.  The  following 
table  shows  the  density  of  olive  oil  and  that  of  a  few  of  the  oils, 
such  as  Jtoppy  and  cotton-seed,  which  are  often  used  for  the 
purpose  of  adulteration. 


Specific  gi'avity,  taken  at    .  lo^O*^ 

Olive  oil,   -9176 

Poppy  oil,   -924,3 

Cotton-seed  oil,   -9310 

8weet  almond  oil,      ......  9180 

Arachis  oil  (from  the  Arachis  hypojea),      .       .  "9170 

Colza  oil   -9136 

Sesame  oil,   -9230 

Nut  oil  {Jurjlons  rcf/id),     .....  '9260 

Beech-nut  oil,    .......  "9225 


It  is  evident  that  the  specific  gravity  will  only  be  a  conclusive 
proof  when  the  adulterant  has  a  gravity  much  higher  or  lower 
than  that  of  olive  oil.  With  mixtures  of  an  oil  like,  for  example, 
arachis  oil,  of  similar  density,  a  determination  of  the  gravity 
will  not  of  itself  throw  any  light  upon  the  purity  of  the  sample. 
Nevertheless,  a  determination  of  specific  gravity  should  be  always 
made  as  a  matter  of  course,  since  it  may  confirm  otlier  tests,  and 
in  every  case  a  knowledge  of  the  density  is  important. 

(2.)  Chemical  Tests — Oxidation. — The  so-called  "elaidin"  test, 
in  which  the  oil  is  treated  with  nitric  acid  and  copper  turnings, 
and  thiis  by  oxidation  transformed  into  a  solid  mass,  is  not  of 
very  much  value  as  a  test  for  purity,  tliough  ])ossil)ly,  by  acting 
on  a  known  pure  sample,  and  examining  it  side  by  side  with  the 
suspected  oil,  valuable  information  may  be  obtained.  The  old- 
fashioned  nitric  acid  test,  according  to  Mr.  Michael  Couroy, 
ap|)lied  as  follows,  is  of  some  service — 1  part  of  strong  nitric 
acid  is  mixed  with  9  parts  of  the  oil,  and  warmed  until  the  action 
is  fairly  set  up  ;  the  flame  is  then  removed,  and  the  mixture 
stirred  with  a  glass  rod  until  the  oxidation  is  over.    Pui'e  olive 
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oil  thus  treated  sets  into  a  pale  straw-coloured,  hard  mass  in  an 
hour  or  two  ;  while  cotton  and  other  seed  oils  assume  a  deep 
orange-red  colour,  and  do  not  set  like  olive  oil.  He  asserts  that 
there  is  a  regular  gradation  of  colour,  according  to  the  pei-centage 
of  adulteration,  and  that  by  imitation  mixtures  approximate 
quantitative  results  may  be  obtained.  The  amount  of  delicacy 
under  the  most  favourable  circumstances  does  not  appear  to  be 
more  than  5  per  cent. 

A  similar  oxidation  test  is  that  of  saturating  sulphuric  acid 
with  hyponitric  acid,  adding  it  to  the  oil,  and  noting  the  time  in 
which  it  sets  to  a  solid  mass ;  7  grras.  of  the  acid  thus  prepared 
are  added  to  9  grms.  of  oil ;  at  5°  olive  oil  sets  to  a  solid  mass  in 
ten  minutes,  and  after  twenty-four  hours  is  a  white  hard  mass. 

Arachis  oil,  rape  oil,  and  cotton  oil  get  solid  later  in  about  an 
hour ;  while  sesame  oil  after  twenty-four  houi'S  is  still  as  soft  as 
honey.  Mixtures  of  oils  of  slow  solidifying  properties  with  olive 
oil,  are  in  proportion  to  their  percentages  slower  of  coagulation. 
Here,  as  in  all  other  cases,  a  pure  sample  of  oil  for  comparison  is 
an  essential.  M.  Lipowitz  has  proposed  the  following  as  a  special 
test  for  poppy  oil  :  If  1  part  of  chloride  of  lime  be  added  to  8 
parts  of  olive  oil,  the  latter,  if  pure,  separates  completely  into 
two  layers  at  the  end  of  four  or  five  hours,  the  temperature 
being  from  17°  to  18° ;  but  if  it  is  mixed  with  an  eighth  or  more 
of  poppy  oil,  the  separation  is  incomjjlete,  and  takes  place  with 
extreme  slowness.  According  to  M.  Lailler,  eveiy  olive  oil  must 
be  considered  false  which,  when  mixed  with  one-fourth  of  its 
weight  of  chromic  acid,  does  not  at  the  end  of  twenty-four  hours 
present  a  perfectly  opaque  liquid.  According  to  Chevallier,  in 
one  part  of  France  the  oil  is  sophisticated  with  honey,  an 
adulteration  not  likely  to  take  place  in  England.  It  is  easily 
discovered,  for  the  oil  has  only  to  be  shaken  up  with  water,  and 
the  water  separated  and  submitted  to  the  usual  tests  for  sugar. 
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PART  IX.-EXAMINATION  AND  ANALYSIS  OF 

WATER. 

§  31G.  Pure  "water  neither  exists  in  nature  nor  even  in  the 
laboratory  of  the  chemist,  save  on  those  rare  occasions  when,  with 
immense  expenditure  of  time  and  labbur,  water  is  purified  either 
by  repeated  distillation  over  permanganates  in  a  vacuum,  or  made 
synthetically.  Nevertheless,  however  difficult  it  is  to  obtain 
even  an  ounce  of  water  which  shall  consist  of  1  part  of  hydrogen 
and  8  parts  of  oxygen  by  weight,  and  no  other  admixture,  it  may 
yet  be  very  easily  obtained  sufiiciently  pure  to  warrant  the  epithet 
"pure"  water — i.e.,  containing  impurities  only  to  be  detected  by 
reagents  of  great  sensibility,  or,  what  amounts  to  the  same  thing, 
by  operating  on  a  lai-ge  quantity  of  water.  In  the  analysis  of 
water,  therefoi'e,  it  need  scarcely  be  added  that  it  is  not  the  water 
per  se  which  the  chemist  really  analyses ;  but  his  researches  are 
directed  with  the  object  of  unveiling  and  determining  the  nature, 
and  where  possible  the  amount,  of  whatever  may  be  present, 
foreign  to  water,  whether  in  suspension  or  solution,  whether  of 
mineral  origin  or  as  one  of  the  myriad  forms  of  "  life."  The 
experimental  and  analytical  methods  in  use  mainly  fall  under 
the  following  divisions — 

I.  Examination  by  the  Senses. — Smell,  Sense  of  Taste,  and 
General  Appearance. 
II.  Physical  Examination. 

III.  Chemical  Methods. 

IV.  Biological. — Embracing  A,  microscopical  appearances  ;  B, 

cultivation  of  fungi  and  dormant  germs  ;  C,  experiments 
on  animals  and  human  beings ;  D,  experiments  on  fish. 

I.  Examination  by  the  Senses. 

*^  §  .317.  Water  that  is  evidently  turbid,  that  possesses  an  odour 
and  an  unpleasant  taste,  requires  no  analytical  processes  to  condemn 
it  entirely ;  suclb  a  water  is  tonsuitahle  for  drinJciiu/  -purjwses.  A 
water  that  even  possesses  any  one  of  the  enumerated  bad 
qualities  will,  as  a  rule,  be  found  to  hold  in  solution  sufficient 
imf)uritiea  to  make  it  decidedly  objectionable.  Most  drinking- 
waters  when  looked  at,  or  tasted,  or  smelt,  without  special 
precautions,  have  neither  colour  nor  odour;  on  the  other  hand, 
all  water,  if  viewed  through  a  sufficiently  deep  stratum,  possesses 
colour. 

Colour. — To  ascertain  the  colour  of  water,  it  is  usual  for  analysts 
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to  be  pi-ovicled  Avith  a  colourless  glass  tube,  at  least  2  feet  in. 
length,  having  the  ends  closed  with  plate  glass,  and  a  small 
opening  in  the  side  of  the  tvibe  through  which  to  pour  the  water. 
A  cheaper  method  of  securing  an  aperture  through  which  to 
introduce  the  water  is  to  have  a  segment  cut  out  of  one  of  the 
glass  discs,  or  a  segmental  section  out  of  the  end  of  the  tube 
itself ;  the  most  convenient  diameter  of  the  tube  is  2  inches,  but 
one  greater  or  smaller  will  answer  the  purpose.  To  make  an 
observation,  the  tube  is  half-filled  with  the  water  to  be  examined, 
and  then  directed  towards  a  white  surface,  which  may  be  a  white 
cloud  in  the  sky  or  an  equally  illuminated  sheet  of  paper.  The 
air-filled  space  above  the  water  then  affords  an  excellent  semi- 
circular disc  of  comparison,  and  renders  it  easy  to  detect  the 
slightest  shade  of  colour.  The  purest  watei-s  have  the  slightest 
tinge  of  blue  ;  the  next  in  order  of  purity  have  a  just  distinguish- 
able shade  of  green.  Decided  green  tints,  London  fog  hues,  amber 
yellow,  and  brown  tints  ai'e  those  possessed  by  waters  tinged 
with  peat,  containing  suspended  matters,  of  second  class  composi- 
tion, or  those  of  considerable  impurity.  * 

Smell. — Half  a  litre  of  the  water  or  more  is  warmed  in  a  large 
corked  or  stoppei-ed  flask  to  38°  [100°  F.]  ;  a  long  glass  tube  of 
three-quarters  of  an  inch  in  diameter  is  now  inserted,  and  the 
water  sucked  up  once  or  twice  so  as  to  wet  the  side  of  the 
tube  thoroughly]  then,  without  taking  the  tube  out  of  the  flask, 
one  nostril  is  applied  to  the  orifice  of  the  tube,  the  other  closed 
by  the  finger,  and  deep  inspirations  or  "sniff's"  taken. 

Another  simpler  plan  is  to  warm  a  quantity  of  the  water,  with- 
out removing  the  stopper,  up  to  the  temperature  given,  then  shake, 
remove  the  stopper,  and  smell ;  a  putrid  odour  denotes  decomposing 
animal  or  vegetable  matter.  If  the  sample  is  much  polluted  by 
fresh  sewage,  a  urinous  odour  is  not  unfrequently  distinct.  But, 
again,  it  may  be  specially  noted  that  water  quite  unfit  to  di'ink  may 
have  no  odour,  hence  the  usefulness  of  the  test  is  limited.  A  posi- 
tive smell  teaches  volumes — a  negative  result  is  of  little  value. 

Taste. — A  few  waters,  and  a  few  only,  have  a  decided  taste. 
It  is  scarcely  to  be  recommended  that  analysts  should  taste 
samples  derived  from  fever-stricken  localities  ;  but,  on  the  other 
hand,  when  there  is  no  suspicion  of  the  samples  having  been  the 

*  Messrs.  Crookes,  Odling,  and  Tidy,  in  tlicir  report  on  the  London  waters 
supply  for  ISSl,  describe  an  ingenious  "colour  meter,''  consisting  of  two 
hollow  wedges  tilled,  one  with  a'  brown  and  the  other  with  a  blue  solution. 
Any  desired  combination  of  green  and  blue  may  be  made  by  sliding  the 
wedges  across  each  other  in  front  of  a  circular  aperture  in  a  sheet  of  metal, 
and  thus  imitating  the  tint  of  water  under  examination  ;  each  prism  is 
graduated  from  1  to  50,  the  figures  representing  millimetres  of  the  thickness 
at  tliat  particular  part  of  the  prism. 
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cause  of  any  illness,  tlie  palate  may  detect  some  not  unimportant 
peculiarity. 

II.  Physical  Examination. 

§  318.  The  physical  examination  is  mainly  microscopical.  Dr. 
W.  Russell  and  W.  Laplace*  have  recently  discovered,  it  is  true, 
tliat  with  a  column  of  pure  water  6  feet  in  length  there  is  a 
distinct  single  absorption-band  ;  and  hence  it  is  probable  that,  at 
all  events,  waters  containing  desmids  and  green  vegetable  cells 
generally  would  show  particular  spectra,  but  this  has  not  yet 
been  worked  out ;  it  will  be  more  convenient  for  our  purpose  to 
consider  the  microscopical  appearances  later.    (See  p.  340.) 

III.  Chemical  Methods. 

§  319.  A  complete  examination  by  chemical  processes  embraces 
the  following  determinations  : — '■ 

1.  Total  solid  residue. 

2.  Estimation  of  the  lialogens,  chlorine,  and  occasionally 

iodine,  and  in  a  few  cases  bromine. 

3.  Phosphates. 

4.  Nitrates  and  Nitrites. 

5.  Sulphates. 

6.  Oxygen  consumed  in  tlie  Forchammer  process. 

7.  Free  and  albuminoid  ammonia. 
S.  Hardness. 

9.  Alkalinity. 

10.  Organic  Analysis  —  Estimation  of  organic  carbon  and 

nitrogen. 

11.  Mineral  analysis  of  water. 

The  ordinary  analyses,  sufficient  in  most  cases  to  pronounce  an 
opinion  as  to  the  fitness  of  a  water  for  drinking  purposes,  em- 
brace only  1,  2,  3,  4,  G,  7,  and  8. 

1.  Total  Solid  Residue. — By  the  total  solid  i-esidue  of  a  water 
is  meant  the  substances  in  solution,  as  determined  by  drying  up 
a  measured  portion,  and  weighing  the  dried  residue ;  if  the  water 
contain  suspended  matters,  it  should  first  be  filtered,  and 
a  portion  of  the  clear  filtered  liquid  taken.  The  amount  suitable 
for  this  determination  depends  upon  the  characters  of  the  water. 
The  soft  Devon  waters  yield  a  very  insignilicant  residue  from 
100  CO.,  and  to  obtain  trustwortliy  results,  at  least  a  quarter  of  a 
litre  is  required  ;  while,  on  the  other  hand,  with  calcareous  waters, 
wood  results  may  be  always  obtaincid  from  100  cc.  With  waters 
the  characters  of  which  arc  unknown,  it  will  bo  best  to  operate  on 
*  Journal  of  the  Chemical  Society.    April,  1881. 
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a  quarter  of  a  litre,  or  (if  working  with  English  measures)  one- 
twentieth  of  a  gallon.  The  water  may  be  placed  in  a  platinum 
dish,  and  evaporated  down  to- a  small  quantity  over  a  ring  burner, 
taking  care  that  the  liquid  in  no  case  boils  or  even  simmers  ;  the 
last  drops  are  driven  oft'  on  the  water-bath.  It  is  recommended 
by  the  Society  of  Analysts  to  heat  the  residue  up  to  104°-4(220°F.) 
in  the  air-bath,  and  then  to  cool  under  a  desiccator ;  but  with 
waters  of  unknown  composition,  it  will  be  best  to  weigh  the 
residue,  which  has  not  been  exposed  to  a  greater  heat  than  100°, 
for  it  is  always  open  to  the  chemist  to  expose  the  residue  thus 
obtained  to  higher  temperatures.  The  examination  of  the  solid 
matters  by  the  eye  will  often  not  imfrequently  reveal  much. 
Iron  gives  a  coppery  lustre  to  the  dish,  manganese  a  green  to  the 
ash,  and  very  pure  waters  leave  a  residue  almost  white.  The 
dish  with  its  contents  is  next  heated  to  a  low  redness,  by  the  aid 
of  a  good  Bunsen's  burner,  furnished  with  a  rose,  and  then  cooled 
aud  weighed.  Note  should  be  taken  of  any  blackening  or  scin- 
tillation. The  dish  is  again  cooled  and  weighed,  the  loss  of  weight 
being  returned  as  loss  on  ignition,  and  this  final  residue  is 
dissolved  in  the  manner  to  be  described,  and  used  for  the 
qualitative  determination  of  the  phosphates. 

2.  Estimation  of  the  Halogens. — The  estimation  of  chlorine  is  an 
essential  part  of  the  ordinary  scheme  of  water  analysis  ;  that 
of  iodine  is  rarely  (perhajDS  too  rarely)  pei'formed,  while  so  few 
waters  contain  an  estimable  amount  of  bromine,  that  it  need  not 
be  here  described. 

Chlorine. — Chlorine  exists  in  ordinary  waters  in  the  form  of 
sodic  chloride,  and  occasionally  a  small  portion  of  the  total 
chlorine  is  combined  with  potassium.  It  is  always  estimated 
volumetrically  by  a  standard  solution  of  silver-nitrate  (See  Ap- 
pendix), using  as  an  indicator  neutral  potassic  chromate.  Nitrate 
of  silver  in  presence  of  potassic  chromate  and  alkaline  chlorides 
(when  the  solution  is  neutral)  first  uses  up  or  decomposes  all  the 
chlorides,  and  then  attacks  the  chromates.  Chloride  of  silver 
being  white,  and  chromate  of  silver  being  red,  the  formation  of 
silver  chromate  is  indicated  immediately  by  a  red  colour.  At 
least  100  cc.  of  ordinary  water  (or,  if  grains  are  worked;  with, 
140  grains)  are  to  be  taken  for  the  determination  of  chlorine. 
With  much-polluted  waters,  with  those  near  the  seashore  or 
other  places  in  which  the  ground  is  impregnated  with  salt,  such  a 
quantity  may  be  inconvenient,  and  it  will  be  necessary  then  to 
dilute  with  distilled  water,  taking  of  the  diluted  liquid  a  known 
quantity.  In  any  case,  the  water  is  put  into  either  a  white 
porcelain  dish  or  a  beaker  standing  on  a  white  slab.  1  cc.  of 
the  chromate  solution  (or  15  grains)  is  added  to  the  water,  and 
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the  standard  solution  i-un  in  from  a  graduated  burette  or  pipette. 
The  exact  termination  of  the  process  is  best  observed  through  a 
glass  cell,  in  which  a  little  pale  chromate  solution  has  been  placed. 
Since  the  eye,  looking  thus  through  yellow  light,  is  very  sensitive 
to  the  red  rays,  it  may  be  necessary — especially  where  great 
accuracy  is  reqv;ired — to  repeat  the  determination  in  the  follow- 
ing way.  The  water  from  which  the  red  colour  of  the  silver 
chromate  cannot  be  discharged  by  stirring,  is  rendered  again 
whitish-yellow,  by  the  cautioiis  addition  of  a  very  dilute  sohition 
of  common  salt.  A  fresh  portion  of  water  is  titrated  in  a  fresh 
dish  or  beaker,  side  by  side  with  the  former  ;  in  this  way  the 
first  permanent  difference  of  colour  can  be  observed.  The  results 
may  be  expressed  in  chlorine  as  chlorides,  or  it  may  be  returned 
as  common  salt ;  the  chlorine  found  may  be  multiplied  by  the 
factor  1'648,  or  more  exactly  by  1-64788.  The  following  short 
table  may  facilitate  calculation  : — 


Iodine. — M.  Chatin*  has  upheld  the  theory,  that  goitre  is  caused  by 
waters  insufficiently  iodised — a  proposition  whicli  cannot  be  considered 
proved.  However,  althougli  M.  Chatin  has  failed  to  convince  the  scientific 
world  of  the  truth  of  his  theory,  ho  has  done  good  service  in  showing  how 
easy  the  detection  and  estimation  of  iodine  in  water  really  is,  .and  in  demon- 
strating the  fact  that  most  waters  contain  it  in  appreciable  quantity.  The 
process  which  M.  Chatin  used  in  his  researches  was  :  To  evaporate  one  or 
two  litres  of  the  water  to  dryness  with  pure  potassic  carbonate,  to  calcine 
very  moderately  this  dry  residue,  and  then  to  extract  with  strong  alcohol  of 
04  per  cent.  This  alcoholic  solution  is  again  ev.aporated  to  dryness,  and 
moderately  calcined  ;  the  last  residue  is  dissolved  in  a  very  little  w.ater,  and 
will  show  all  the  reactions  of  potassic  iodide.  It  is  colorimetrically  estimated 
by  palladium.  A  solution  of  chloride  of  palladium  gives  a  distinct  colour 
with  an  infinitesimal  ([uantity  of  iodine  ;  hence  it  ia  only  necessary  to  h.avo  a 
standard  solution  of  potassic  iodide,  containing  say  1  milligramme  in  100 
cc,  and  to  estimate  it  precisely  on  the  same  princi|)lca  as  detailed  (page  52fi) 
for  ammonia.  Mr.  Marehand,-!-  pursuing  tlic  same  lino  of  researches,  has 
preferred  to  precipitate  from  ten  to  twenty  litres  with  nitrate  of  silver, 
collect  tiic  prcci[iitate  which  m,ay  contain  the  chloride,  iodide  and  bromide  of 
silver,  and  dissolve  it  in  sodic  hyposulphite.  'I'he  silver  is  now  thrown  out 
of  this  solution  by  sulphuretted  hydrogen,  and  the  solution,  when  freed  from 


Chlorine. 


Sodium  Chloride. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1-648 

3-  296 

4-  944 
6-592 

8-  240 

9-  888 
11-536 

13-  184 

14-  832 
16-480 


*  Compl.  Bend.,  t.  xxxv,,  xxxix.  t  Compt.  Rend.,  xxxv. 
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silver  sulphide,  evaporated  to  dryness  with  a  little  hydropotassic  carbonate. 
In  this  way  he  obtains  the  chloride,  bromide,  and  iodide  of  potassium.  When 
the  residue  is  perfectly  dry,  it  is  extracted  with  strong  alcohol  of  85  per 
cent. ;  the  alcoholic  liquid  is  evaporated  to  dryness  at  a  temperature  not 
exceeding  75°.  This  last  residue  is  again  taken  up  by  alcohol,  and  treated 
similarly  to  the  potassic  iodide  obtained  by  Chatin's  methed. 

3.  Phosphates. — The  residue  after  ignition  is  treated  with  a  very 
little  nitric  acid,  and  evaporated  to  dryness ;  this  treatment 
renders  the  silica  insoluble.  It  is  now  again  dissolved  in  a  few 
drojis  of  nitric  acid,  some  water  added,  and  filtered  through  an 
exhausted  filter.  If  the  filtrate  is  more  than  5  cc,  it  should  be 
concenti'ated  to  a  smaller  bulk,  and  its  own  volume  of  the 
molybdic  solution  added.  The  solution  thus  treated,  and  gently 
warmed,  gives  a  more  or  less  deep  colour  or  a  decided  precipitate, 
according  to  the  amount  of  phosphoric  acid  present.  It  may  be 
estimated  colorimetrically  by  a  known  solution  of  sodic  phosphate, 
but  this  with  no  great  accuracy.  To  make  a  gravimetric 
estimation  of  phosphates,  save  in  polluted  waters,  may  require 
several  litres,  and  will  seldom  repay  the  trouble.  Hence  phos- 
phates may  be  retiirned  in  a  qualitative  manner  as  "traces" 
with  a  feeble  colour;  "  decided  evidence"  with  a  darker  colour, 
and  as  "estimable  amount"  if  there  shoiild  be  a  precipitate. 
The  Analyst  Committee  have  adopted  "  traces"  " lieavy  traces," 
and  "  very  heavy  traces"  as  expressing  three  degrees  of  phosphate 
contamination.  Such  phrases  are  convenient,  though  somewhat 
paradoxical,  and  the  author  therefore  prefers  the  more  logical 
form  of  expression  given  above. 

4.  Estimation  of  Nitrates. — The  several  methods  in  use  for  the 
estimation  of  nitrates  may  be  arranged  under  three  heads  :  — 

(1.)  Estimation  of  nitrates  by  conversion  of  the  nitrate  into 
ammonia. 

(2.)  Estimation  of  nitrates  by  decomposing  the  nitrate  into 
nitric  oxide,  and  measuring  the  gas. 

(3.)  Indirect  estimation  by  means  of  indigo. 

(1.)  Estimation  as  Ammonia. — The  most  conveiiient  method  of 
obtaining  the  niti-ogen  of  nitrites  and  nitrates  in  the  form  of 
ammonia  is  decidedly  by  the  aid  of  the  "  copper-zinc  couple." 
This  method  was  first  pi-oposed  by  Gladstone  and  Tribe,  and 
afterwards  worked  out  in  detail  by  Mr.  M.  Whitley  Williams.*  It 
appears  that  the  copper-zinc  conple  decomposes  nitrates  first  into 
nitrites,  and  then  the  nitrites  into  ammonia  ;  nitrites  are  jiresent 
to  the  last,  and  wlien  all  the  nitrites  have  disappeared,  it  is 
certain  the  conversion  into  ammonia  is  complete.    A  low  tem- 
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perature,  alkalies,  alkaline  earths  and  tlieii*  cai-bonates,  retard  the 
reaction,  while  carbon  dioxide,  all  acids,  mineral  acids,  oxalic, 
phosphoric  and  common  salt,  as  well  as  elevation  of  temperature, 
increase  the  reaction.  In  pi*actice,  a  temperature  of  24°  is 
recorfimended  as  easily  attainable. 

Manufacture  of  the  Copfer-Zinc  Couple. — Pieces  of  clean  zinc- 
foil,  about  3  inches  by  2  inches,  are  immersed  in  a  3  j^er  cent, 
solution  of  cupric  sulphate,  the  zinc  rapidly  becomes  coated  with 
metallic-copper.  When  a  sufficient  coating  is  obtained,  the 
solution  is  poured  off,  and  the  couple  well  Avashed  with  water, 
finally  drained,  and  the  water  for  analysis  poured  on  to  the 
couple.  It  is  best  to  do  these  processes  in  one  and  the  same 
stoppered  bottle.  The  water  may  nearly  fill  the  bottle,  and  the 
stopper  may  be  inserted,  for  there  will  be  no  gas  evolved  until 
the  nitrates  are  entirely  decomposed.  The  water  thus  treated  is 
put  in  a  warm  place,  and  if  the  action  is  allowed  to  go  on  all 
night,  the  ammonia  will  be  ready  for  estimation  in  the  morning. 
The  quantity  to  be  taken  for  the  estimation  of  nitrates  according 
to  this  plan,  may  be  a  quarter  of  a  litre,  or,  if  English  measures 
are  used,  say  5  ounces.  To  very  hard  waters  the  addition  of  a 
little  oxalic  acid  is  recommended.  In  any  case  where  there  is 
doubt  whether  the  conversion  into  ammonia  is  complete,  Griess's 
test,  to  be  mentioned  further  on,  should  be  used ;  and  if  there  is 
evidence  of  nitrous  acid,  the  water  must  be  left  for  a  longer  period. 
If  the  water  possesses  colour  interfering  with  the  Nessler  agent, 
or  matters  precipitated  by  Nessler,  it  must  be  distilled  in  the 
ordinary  way,  and  the  ammonia  estimated  in  a  fractional  part 
of  the  much-diluted  distillate.  In  most  cases  this  is  unnecessary, 
and  by  taking  a  measured  quantity  of  the  water  and  diluting 
it  considerably,  a  fairly  correct  colorimetric  estimation  can  be 
made  by  the  direct  addition  of  the  Nessler  reagent  to  the  water 
thus  diluted.  It  will  be  necessary  to  subtract  from  the  amount 
of  ammonia  found,  that  whicli  has  been  determined  to  exist  in  the 
water  as  ammonia.  The  ammonia  derived  from  nitrates  and 
nitrites  must  be  expressed  either  as  nitrogen  or  as  nitric 
acid. 

The  Aluminium  Process. — The  metal  aluminium,  when  acted 
on  by  a  caustic  alkaline  solution,  decomposes  nitrates  into 
ammonia.  A  solution  of  soda  of  about  10  per  cent,  is  prepared 
perfectly  free  from  nitrates,  by  dissolving  bit  by  bit  metallic 
sodium  in  water.  Any  convenient  quantity  (such,  e.g.,  as  100 
cc,  or  2,000  grains)  of  the  water  is  placed  in  a  suitable  retort, 
wlucli  is  fitted  in  an  air-tiglit  manner  to  a  condenser,  terminating 
in  a  flask  as  in  the  arrangement  figured  at  page  378.  An  equal 
quantity  of  the  soda  solution  is  added,  and  the  whole  boiled  until 
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free  from  ammonia  ;  the  i-etort  is  cooled,  and  the  aluminium-foil 
dropped  into  the  liquid,  the  whole  is  left  over-night,  and  in  the 
morning  heafc  is  applied  to  the  retort,  and  the  ammonia  distilled 
over,  and  estimated  in  the  usual  way. 

(2.)  Estimation  of  Nitrates  as  Nitric  Oxide — Crum  Process. — This 
is,  perhaps,  of  all  methods  the  most  accurate,  and  it  can  be 
recommended  to  those  Avho  possess  a  su.itable  gas  apparatus  in 
perfect  working-order,  or  a  Lunge's  nitrometer.    The  principle 
on  which  the  method  is  based,  is  the  fact  that  strong  sulphuric 
acid,  acting  on  nitrates  or  nitrites  in  the  presence  of  mercury, 
decomposes  the  nitrates  or  nitrites,  and  the  whole  of  the  nitrogen 
is  evolved  in  the  form  of  nitric  oxide.    The  details  of  the  process 
are  briefly  as  follows  : — It  is  absolutely  necessary,  for  the  appli- 
cation of  the  test,  that  the  nitrates  be  in  concentrated  solution ; 
hence  the  niti'ates  must  be  extracted  with  as  small  a  quantity  as 
possible  of  hot  distilled  water,  from  the  dry  residue  of  half  a  litre, 
or  any  other  convenient  quantity,  according  to  the  nature  of  the 
water.    The  author  recommends,  previous  to  this  determination, 
a  rough  indigo  assay  of  the  amount  of  nitrates,  which  is  useful  as 
a  guide.    The  hot-water  extract  (which  contains  nitrates,  nitrites, 
if  23resent,  and  chlorides)*  is  evaporated  doAvn  to  about  1  cc,  and 
the  liquid  transferred  to  the  decomposition  tube,  which  is  a  short 
tube  about  3  inches  long,  constricted  at  one  end,  and  furnished 
with  a  cup  and  stopcock  ;  open  at  the  other,  and  having  a  bore 
easily  closed  with  the  thumb.    This  tube  is  filled  with  mercury, 
inverted,  and  clamped  in  a  mercury  trough  with  the  cup  upper- 
most ;   it  is  now  easy  to  transfer  the  solution  of  nitrates  by 
pouring  the  solution  into  the  cup,  and  cautiously  opening  the 
stopcock.    The  vessel  in  which  the  filtrate  has  been  concentrated 
is  then  rinsed  into  the  cup  with  pure  strong  sulphuric  acid,  and 
ultimately  one  and  a  half  times  the  volume  of  the  concentrated 
nitrate  solution  of  strong  sulphuric  acid  is  worked  into  the  tube 
by  opening  carefully  the  stopcock.    No  air  must  be  allowed  to 
gain  admittance.     Should  gas  be  immediately  evolved,  it  is 
carbonic  dioxide,  and  must  be  got  rid  of,  for  nitric  oxide  is  not 
at  once  evolved.    On  the  mixture  of  sulphuric  acid  and  nitrate 
having  been  transferred  into  the  tube,  the  lower  end  is  closed 
by  the  thumb,  and  tlie  tube  shaken  so  as  to  mix  up  the  acid  and 
the  mercury,  when  the  gas  in  a  short  time  begins  to  come  oflT, 
and  considerable  jDrcssure  may  have  to  be  exerted.    When  the 
reaction  is  complete,  the  contents  are  transferred  to  any  gas 
apparatus  and  measured.    Every  two  volumes  of  nitric  oxide 

*  It  was  at  first  considered  necessary  to  remove  chlorides  lij-  silver 
sulphate,  but  Mr.  Warrington's  experiments  liavc  shown  this  to  be 
unnecessary. 
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equals  one  volume  of  nitrogen.  The  weight  of  the  nitrogen  is 
obtained  from  Table  LVII.  (p.  557). 

(3.)  Indigo  Process. — This  process  is  based  on  the  decolourisa- 
tion  of  indigo  when  nitrates  or  nitrites  are  decomposed  by  strong 
sulphuric  acid. 

When  certain  kinds  of  organic  matter  are  present,  the  results 
are  entirely  without  value.    On  the  other  hand,  with  careful 
working,  the  test  is  correct  with  the  great  majority  of  waters, 
and  as  a  means  of  rapidly  determining  the  nitrates  in  unknown 
samples,  with  a  view  to  their  determination  by  other  more  exact 
processes,  it  is  very  useful.    Fourgrms.  of  sublimed  indigotinare 
digested  for  some  hours  with  five  times  their  weight  of  Nordhausen 
oil  of  vitriol  j  the  liquid  is  diluted  with  water,  filtered,  and 
brought  to  the  volume  of  2  litres.*    A  normal  nitre  solution 
is  made  by  dissolving  l-Oll  grm.  of  pure  potassic  nitrate  in  one 
litre  of  water.  From  this  solution,  solutions  of  ^,  |,  J^,  yV,  and 
normal  are  prepared.    An  assay  is  now  made  by  mixing,  say 
20  CO.  of  the  nitre  solution  with  any  amount  of  the  indigo 
solution  deemed  sufiicient,  in  a  wide-mouthed  flask  of  150  cc. 
capacity.    Oil  of  vitriol  is  run  into  a  test-tiibe,  the  volume  being 
equal  to  the  united  volumes  of  the  indigo  and  nitre.    The  con- 
tents of  the  test-tube  are  then  suddenly  tipped  into  the  flask, 
and  the  flask  transferred  to  a  chloride  of  calcium  bath  maintained 
at  140°.    If  the  solution  of  indigo  is  insufiicient,  the  liquid  will 
be  suddenly  decolourised  ;  if  it  is  too  much,  no  bleaching  will 
take  place,  the  liquid  still  retaining  its  blue  colour.    In  either 
case  a  fresh  determination  will  be  requisite,  and  by  doubling  or 
halving  the  amount  of  indigo  for  the  next  experiment,  as  the  case 
may  be,  the  operator  will  soon  find  the  limits,  and  five  or  six 
experiments  will  standardise  the  solution.     In  every  instance 
a  quantity  of  sulphuric  acid,  equal  to  tlie  united  volumes  of 
indigo  and  water,  must  be  used ;  the  indigo  solution  should  be 
diluted  so  as  to  be  aboiit  equal  to  the  nitre  solution.    As  it  is 
found  that  the  quantity  of  indigo  consumed  is  not  i)recisely  in 
proportion  to  the  nitric  acid  present,  but  diminishes  as  the 
nitrate  solution  becomes  more  dilute,  the  further  standardising 
of  the  indigo  solution  by  tlui  more  dilute  solutions  of  nitre  already 
alluded  to  is  necessary.    The  results  may  be  thrown  into  a  table 
as  follows.    (See  Table  LIIL,  next  page.) 

Themethod  of  using  thetable  is  sufficicntlyobvious  to  those  who 
are  accustomed  to  calculations  of  the  kind;  suiipnsiug,  for  example, 
20  cc.  of  the  water  used  up  G-G4  cc.  of  tlio  indigo  ;  this  is  '5  cc. 
above  the  nearest  number  in  the  table,  viz.,  G-14.    Now,  taking 

*  See  Mr.  Warrington's  excellent  paper,  Journ.  Chemical  Society,  Sept., 
J  879,  p.  579;  also,  Franklaiid'a  "  Water  Analysi.s,"  p.  31. 
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TABLE  LIU.— Value  of  Indigo,  in  Nitrogen,  for  Different 
Strengths  qf  Nitre  Solution. 


strength  of 
Nitre  Solution 
Used. 

Indigo 
required. 

Difference 
between 
Amounts 
of  Indigo. 

Nitrogen 
Corresponding 
to  I  cc.  of 
Indigo. 

Difference 
between  the 
Nitrogen 
Values. 

Difference  in 
the  Nitrogen 
Vnlnfttj  for  s\ 

Difference  of  1 
CO.  in  the 
Amount  of 
Indigo. 

CO,. 

CO. 

R 

ST 

normal,  . 

10  00 

•000035000 

1 
ST 

8-71 

1-29 

•000035161 

•000000161 

•000000125 

7-43 

1-28 

•000035330 

•000000169 

•000000132 

f) 
TTT 

) )  * 

G-14 

1-29 

•000035627 

•000000298 

•000000231 

•  4 
tTT 

>»  • 

4-86 

1-2S 

•000036008 

•000000381 

•000000298 

3 

BT 

3-57 

1-29 

•000036764 

•000000756 

•000000586 

Tfr 

> ) 

2 '29 

1-28 

•000038209 

•000001445 

•000001129 

1 

"ilT 

) )  • 

1-00 

1-29 

■000043750 

•000005541 

•000004295 

tlie  extreme  right-hand  column,  the  difference  for  the  nitrogen 
values  of  1  cc.  will  be  found  ;  and  as  there  is  in  this  case  a 
difference  of  only  half  that  quantity,  halving  the  number  gives 
us  •000000115  ;  this  number  has  to  be  subtracted  from  the  unit 
value  of  nitrogen  found  in  the  first  column,  thus  : — 

•000035627  -  -000000115  =  -000035512, 

which  is  the  nitrogen-value  of  each  cc.  of  the  indigo.  Hence, 
as  we  have  supposed  that  20  cc.  of  the  water  decolourised 
6-64  cc.  of  indigo,  the  nitrogen  as  nitric  acid  in  parts  per  100,000 
is  1-179,  or  in  grains  per  gallon  -82  grain.  If  the  indigo  estima- 
tion of  nitric  acid  is  onJy  a  preliminary  step  to  a  further  and 
more  exact  determination  by  the  Crum  metiiod,  these  refine- 
ments are  not  necessary.  The  indigo  solution  is  standardised 
once  for  all  by  the  normal  solution  of  nitre,  and  if  the  niti-ates 
are  either  very  large  or  very  small,  an  allowance  is  made. 

Nitrites. — However  important  the  detection  qualitatively  of 
nitrites  may  be,  it  is  seldom  necessary  to  determine  them 
quantitatively ;  but  when  this  is  required  it  would  appear  that 
the  reaction  between  nitrous  acid  and  meta-phenylenediamine, 
first  proposed  by  Peter  Griess,  and  since  elaborated  by  Preusse 
and  Tiemann,  affords  tlie  readiest  method  both  of  detection  and 
estimation.  Meta-phenylenediamine  gives  a  red  colour  with 
nitrous  acid,  oven  in  very  dilute  solution.  It  is  so  delicate  a 
reagent  as  to  be  capable  of  detecting  one  part  of  nitrous  acid  in 


§  319.] 


WATER. 


523 


30,000,000  parts  of  water.  For  tlie  estimation  of  nitrates  by 
this  method,  there  will  be  required, — 

(1.)  A  solution  of  5  grms.  of  meta-phenylenediamine  in  one 
litre  of  water,  and  made  acid  with  sulphuric  acid. 

(2.)  Sulphuric  acid,  strength  35  per  cent. 

(3.)  A  solution  of  pure  potassic  nitrite,  strength  '01  mgrm. 
of  N0O3  in  every  cc.  This  is  best  made  by  dissolving  400  of 
argentic  nitrite  in  hot  water,  decomposing  it  Avith  a  slight 
excess  of  j^otassic  chloride,  allowing  the  silver  chloride  to  settle, 
and  then  diluting  each  100  cc.  of  the  clear  fluid  again  to  a  litre. 

The  actual  operation  is  performed  by  putting  100  cc.  of  the 
water  to  be  tested  into  a  narrow  glass  cylinder,  and  adding  fii'st 
1  cc.  of  the  sulphuric  acid,  and  then  1  cc.  of  the  meta-pheny- 
lenediamine.  If  a  red  colour  is  immediately  developed,  less 
of .  the  water  must  be  taken,  and  it  is  to  be  diluted  until 
the  colour  just  shows  itself  at  the  end  of  one  or  two  minutes. 
The  colour  thus  obtained  is  imitated  as  exactly  as  possible  by 
running  from  a  burette  a  small  quantity  of  the  standard  nitrite 
solution  into  a  similar  cylinder,  adding  a  similar  quantity  of 
sulphuric  acid  and  the  meta-phenylenediamine ;  in  short,  the 
operation  is  precisely  akin  to  " Nesslerising."  It  m\Tst,  however, 
be  remembered  that  the  nitrite  solutions  thus  treated  are 
continually  getting  darker,  so  that  the  final  determination  must 
be  started  simultaneously,  and  the  final  shade  observed  in  both 
at  the  end  of  the  same  interval  of  time,  which,  as  the  reaction 
is  somewhat  slow,  maybe  at  the  end  of  from  twenty  to  twenty- 
five  minixtes. 

5.  Sulphates. — Any  convenient  quantity  of  the  water,  carefully 
measured,  is  acidified  with  hydrochloric  acid,  and  heated  neai-ly 
to  boiling;  while  hot,  some  solution  of  chloride  of  bai'ium  is 
added,  so  as  to  be  in  slight  excess,  iind  the  solution  kept  near 
the  boiling  point  for  some  time.  The  sulpliate  of  barium  is 
allowed  to  settle,  collected  on  a  filter,  dried,  ignited,  and  weighed; 
one  part  of  baric  suljihate  equals  -134335  of  sulphuric  acid. 

G.  21ie  Forchcmnmr,  Oxyrjen  or  Fer7nanr/ana(e  Process. — The 
principle  of  this  process  is  the  abstraction  of  oxygen  by  the 
organic  elements  of  the  water,  and  the  estimation  of  the  oxygen 
thus  abstracted.  -395  grm.  of  potassic  permanganate  is  dissolved 
in  a  litre  of  water,  which  gives  a,  solution  containing  1  mgrm. 
in  every  10  cc,  or,  if  working  in  grains  and  septcms,  2  grains 
of  permanganate  in  1,000  septcms  of  water,  equalling -01  grain 
of  available  oxygen  in  20  septeins.    This  is  the  standard  solution. 

The  determination  is  now  usually  made,  as  recommended  by 
the  Society  of  Analysts,  in  two  stages,  on  two  equal  quantities 
of  water,  viz.— (1.)  The  amount  of  oxygen  absorbed  in  fifteen 
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minutes,  and  commonly  due  to  nitrites,  or,  at  all  events,  sub- 
stances very  readily  oxidisable;  and,  (2.)  the  amount  of  oxygen 
absorbed  in  four  hours.  The  time  for  this  last  determination  used 
to  be  given  as  three  hours,  but  the  four-hours  period  is  prefei-able  ; 
and  even  then  it  is  easy  of  proof  that,  if  the  water  be  allowed 
to  stand,  there  still  remain  matters  capable  of  being  oxidised. 
The  temperature  is  an  important  factor,  for  numerous  experi- 
ments have  shown  that  the  amount  of  oxygen  consumed  varies 
greatly  at  different  temperatures.  The  Analysts'  Society  have 
adopted  26°-6  (30°  Fahr.),  and  in  order  to  ensure  unifoi-mity  this 
temperature  is  here  I'ecommended.  It  is,  however,  probable  that 
better  and  more  uniform  results  would  be  attained  by  boiling 
the  water  and  permanganate  for  an  hour.  In  some  interesting 
expei'iments  by  Messrs.  Wigner  and  Harland,*  river  water,  to 
which  a  known  quantity  of  pure  sugar  had  been  added,  was 
found  to  have  absorbed  more  oxygen  at  the  end  of  two  hours, 
at  37°-7  (100°  Fahr.),  than  during  six  hours  at  15°-5  (60°  Fahr.), 
and  almost  as  much  as  during  six  boiirs  at  26°"6  (80"  Fahr.) 
Similarly,  river  water  contaminated  by  a  known  quantity  of 
urine  used  up  equal  quantities  of  oxygen  when  acted  upon  by 
permanganate  for  six  hours  at  26°-6  (80°  Fahr.),  as  it  did  when 
the  process  was  accomplished  in  two  hours  at  37°-7  (100°  Fahr.) 
The  actual  operation  is  as  follows  : — 

Two  stoppered  flasks  are  taken,  and  a  quarter  of  a  litre  of 
the  water  put  in  each  [or  3,500  grains].  The  bottles,  with  their 
contents,  are  immersed  in  an  aii'-bath  until  the  temperature 
rises  to  26°-6  (80°  Fahr.),  then  10  cc.  [or  100  grains]  of  dihite 
sulphuric  acid  [1  :  3]  are  added,  and  the  same  quantity  of  the 
standard  permanganate.  One  of  the  bottles  is  taken  out  at  the 
end  of  a  quarter  of  an  hour,  and  two  or  thi-ee  drops  of  potassium 
iodide  added  to  remove  the  pink  colour.  After  thorough  ad- 
mixture, there  is  run  into  it  from  a  burette  a  solution  of  sodium 
hyposulphite,  the  value  of  which  has  been  determined  by 
titrating  10  cc.  of  the  standard  potassium  permanganate  in 
distilled  water  until  the  yellow  colour  is  nearly  desti-oyed ; 
then  a  few  drops  of  starch  water  are  added,  and  the  hyposulphite 
added  i^ntil  the  blue  colour  is  just  discharged.  At  the  end  of 
four  hours  the  other  bottle  is  removed  and  titrated  in  exactly 
the  same  way.  Should  the  pink  colour  diminish  very  rapidly 
during  the  four  houi-s,  another  measured  quantity  of  perman- 
ganate must  be  added. 

If  A  be  taken  to  express  the  amoxmt  of  hyposulphite  used 
for  a  blank  experiment  with  pure  distilled  water,  B  the  water 

*  On  the  Action  of  Permangantitc  on  Potable  Waters  at  Dififerent  Tem- 
peratures.   Analyst,  Marcli,  I8S1,  p.  39. 
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under  examination,  and  a  the  amount  of  available  oxygen  in 
the  quantity  of  permanganate  originally  added :  then,  the  oxygen 
consumed  by  tlie  quantity  of  water  operated  on  would  be 

(A.-B)a 
A 

or,  in  actual  figures,  10  cc.  of  a  permanganate  solution,  equivalent 
to  -001  grm.  of  oxygen,  were  added  to  a  quarter  of  a  litre  of 
distilled  water,  and  to  the  same  quantity  of  a  sample  under 
analysis.  The  distilled  water  used  40  cc.  of  hyposulphite,  the 
water  15  cc.  at  the  end  of  four  hours.  Then  the  oxygen  con- 
sumed by  the  quarter  litre  was  000625,  according  to  the  equation 

40 -  15  X -001^.000(325 
40 

or  per  litre,  "0025  ['175  grain  per  gallon]. 

7.  Ammonia,  Free  and  Albuminoid. — The  estimation  of  ammonia 
depends  on  the  principle  that  it  admits  of  ready  distillation 
when  it  exists  in  the  water  as  ammonia,  provided  that  the  water 
is  alkaline.  Since,  therefore,  nearly  every  natural  water  is 
alkaline,  distillation  of  water  is  alone  sufficient  to  expel  the 
ammonia.  If  a  water,  by  testing  with  cochineal,  is  found  to  be 
acid,  then  it  will  be  necessary  to  add  a  little  recently  ignited 
carbonate  of  soda  (or,  perhaps  better,  a  little  recently  burnt 
magnesia),  until  an  alkaline  reaction  is  obtained.  The  apparatus 
required  for  the  estimation  of  free  and  albuminoid  ammonia,  is — 

(1.)  A  good  large  stoppered  retort,  fitting  into  a  full-sized 
Liebig's  condenser,  through  which  a  constant  stream  of  water 
is  running. 

(2.)  Measuring-flasks,  cither  in  septems  or  litres. 
(3.)  Cylinders  made  of  clear  glass,  "  Nessler  cylinders." 
(4.)  One  or  two  pipettes. 
(5.)  Nessler  reagent  (.see  A2)pendix,  p.  553). 
(6.)  Standard  solution  of  ammonium  chloride  (see  Appendix,  p. 
553.) 

(7.)  Solution  of  alkaline  permanganate  {see  Appendix,  p.  553.) 

The  water  is  first  tested  with  a  little  of  the  Nessler  reagent ; 
if  it  .shows  any  decided  colour  it  may  be  necessary  to  distil  a  very 
small  portion,  say  a  quarter  of  a  litre,  diluted  with  a  sufiicient 
quantity  of  pure,  ammonia-free  water.  But  if,  on  the  other  hand, 
there  is  no  colour,  or  a  doubtful  one,  a  litre  of  the  water  should 
be  distilled,  or  a  fifth  of  a  gallon.  On  distillation,  100  cc,  or  1400 
grains,  are  collected  in  one  of  the  glass  cylinders,  and  5  cc,  or 
one-twentieth  of  its  volume,  of  clear  straw-coloured  Nessler 
solution  added.    If  there  is  any  ammonia  the  distillate  thus 
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tested  will  be  tinted  or  coloured,  the  colour  varying  from  a  very 
pale  straw  up  to  a  dark  amber.  If  the  colour  should  be  very 
deep,  it  is  impossible  to  estimate  the  ammonia  with  even  an  ap- 
proach to  accuracy,  unless  the  dark  solution  is  very  much  diluted 
and  made  np  to  definite  volumes,  of  which  definite  volumes 
fractional  parts  are  taken.  The  next  step  is  to  estimate  the  am- 
monia by  imitating  the  colour.  This  is  done  by  running  into 
some  distilled  water  one,  two.  or  more  cc.'s  of  the  standard 
ammonium  chloride  solution,  and  adding  exactly  the  same  amount 
of  Nessler  solution  as  had  been  added  to  the  distillate.  The 
solution  is  now  made  up  to  precisely  the  same  bulk  as  the  dis- 
tillate, and  the  liquids,  thus  in  equal  columns,  compared  by  look- 
ing down  through  them  on  to  a  glass  plate  or  white  j)orcelain  tile 
or  slab. 

It  is  important  to  compare  the  solutions  at  the  same  period  of 
time,  for  there  is  a  slow  dai-kening  of  colour,  partly  dependent  on 
absoi'ption  of  ammonia  from  the  atmosphere,  and  partly  due  to 
the  completion  of  the  reaction.  If  the  colour  does  not  agree,  a 
second,  third,  and  fourth  trial  is  made.  These  trials  may  be  much 
shortened  by  pouring  off  a  certain  quantity  of  the  darker  liquid 
until  the  shortened  column  has  the  same  tint  as  the  longer 
column,  and  then  confirming  the  result  thus  obtained  by  an  actual 
trial.  Thus,  5  cc.  of  ammonium  chloride,  equalling  -05  milli- 
grammes ammonia,  Avere  found,  when  tested  in  100  cc.  of  water 
with  5  cc.  of  Nesslei',  to  give  too  dark  a  colour.  Hence  the  am- 
monia in  the  distillate  was  less  than  "05  mgrm.  What  quantity 
would  it  probably  contain  1  The  Nessler  cylinders  were  gradu- 
ated into  parts,  and  on  pouring  off  a  certain  quantity  of  the 
darker  sohition,  \intil  the  columns  were  equal  in  coloiir,  the  one 
column  was  G7  parts  high,  the  other  80.  Hence,  if  80  parts  were 
equal  to  "05  mrgm.  of  ammonia,  67  must  be  equal  to  •042;  and  it 
is  only  necessary  to  test  the  correctness  of  this  by  a  second  deter- 
mination, using  this  time  about  4  cc.  of  the  standard  solution. 

By  graduated  Nessler  glasses,  having  taps  near  the  bottom 
in  order  to  run  ofi"  a  portion,  as  well  as  by  colorimeters,  such 
as  Mill's  and  other  like  contrivances,  "  Nesslerising "  is  much 
expedited  and  facilitated.  Nevertheless,  it  is  not  a  very  accurate 
method  of  estimating  ammonia.  The  verdict  must  be  useful  and 
comparative,  not  accurate.  The  accuracy  of  colorimetric  estima- 
tions of  ammonia  depends  upon  the  practice  of  the  observe!',  and 
the  sensitiveness  of  his  eye  for  differences  of  colour.  There  are 
many  persons  who,  from  some  physical  peculiarity  of  sight,  can 
only  distinguish  a  few  shades,  and  even  with  the  greatest  care 
can  make  no  very  accurate  colorimetric  observation. 

Returning  to  the  actual  estimation  of  free  ammonia,  the  water 
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must  be  distilled  in  successive  fractions,  imtil  no  more  free  am- 
monia is  detected  in  the  distillate.  This  occurs  generally  when  150 
cc.  or  200  cc.  (that  is,  one-fifth  of  the  entire  quantity)  of  the  water 
taken  has  come  over,  then  the  water  is  ammonia-free.  The  next 
stejj  is  to  estimate  in  the  same  water  the  albuminoid  ammonia. 

Albuminoid  Ammonia. — When  Mr.  Wanklyn  published  first 
the  albuminoid  process  it  was  very  generally  adopted,  and  it  may 
be  considered  as  yielding  quickly  certain  data,  assisting  in  the 
final  verdict  of  an  analyst.  To  the  water  about  one-tenth  of  its 
original  volume  of  the  alkaline  permanganate  [see  Appendix,  p.  553) 
is  added  ;  the  water  is  again  distilled  ;  successive  fractions  of  the 
distillate  are  tested  with  Nessler,  and  tlie  ammonia  therein  con- 
tained determined  in  the  same  way  as  in  the  free  ammonia  esti- 
mation. Here  the  analyst  often  lias  considerable  difficulty,  from 
the  circumstance  that  evidently  the  alkaline  permanganate  often 
sets  free  certain  compound  ammonias,  which  strike  a  tint  with 
the  Nessler  re-agent  entirely  difierent  from  that  given  by  pure 
ammonia.  In  certain  cases  it  may,  indeed,  be  necessary  to  esti- 
mate the  ammonia  by  titrating  with  a  feeble  and  very  dilute 
acid.  The  free  ammonia  is  usually  returned  as  ammonia ;  the 
albuminoid  should  properly  be  returned  as  "  nitrogen  as  albuminoid 
ammonia."  It  is  scarcely  necessary  to  remind  the  operator  that 
all  retorts,  condensers,  &c.,  used  for  these  estimations  must  be 
ammonia-free,  and  that  ammonia  from  any  analytical  operation 
must  not  be  allowed  to  contaminate  the  laboratory  atmosphere. 
The  most  ready  way  to  render  it  certain  that  there  is  no  ammonia 
in  the  condenser  is  to  acidify  a  little  water  with  sulphuric  acid, 
and  then  distil  until  the  distillate  is  ammonia- free. 

8.  Hardness. — A.  Before  Boilinn. — In  a  corked  or  stoppered 
bottle  1000  grains,  or  100  cc,  of  the  water  to  be  tested  are 
l)laced.  The  standard  soap  solution  {see  Ajypendix,  p.  553)  is  run  in, 
10  grains,  or  1  cc,  at  a  time,  and  after  each  addition  the  cork  or 
stopper  is  replaced,  and  the  bottle  shaken  violently,  and  observed 
as  to  whether  a  permanent  lather  forms  or  not.  If  not,  then 
another  measured  quantity  is  run  in,  and  so  on  until  the  desired 
effect  is  produced.  Waters  containing  but  little  magnesia  give  a 
good  lather,  and  the  reaction  is  fairly  sharp.  With  magnesiaia 
waters  the  reaction  is  slow,  and  not  so  easy  to  observe.  When  a 
lather  has  been  obtained,  it  is  well  to  repeat  the  experiment,  and 
in  this  second  assay  to  run  in  within  lialf  a  division  the  wliolo  of 
the  amount  of  soap  solution  thought  to  be  necessary;  then  a 
further  portion  of  the  soap  solution  is  run  in  very  gradually  in 
tenths  of  a  cc,  or  single  grains,  until  the  lather  is  permanent. 
The  hai'dness  is  expressed  in  degrees.  However,  when  tlie  liard- 
ness  is  more  than  16°,  it  is  not  possible  to  estimate  it  in  this 
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way  with  accuracy,  and  the  water  under  examination  must  be 
diluted  with  distilled  water  to  double  its  bulk,  and  then  the  same 
quantity  as  above  recommended  taken  for  the  estimation  :  in  this 
case  the  number  of  degrees  found  must,  of  course,  be  multiplied 
by  2. 

B.  Hardness  after  Boiling.— A.  quantity  of  water,  precisely  the 
same  in  bulk  as  in  the  former  experiment,  is  boiled  briskly  for  half- 
an-hour,  and  made  up.  to  the  original  bulk  with  distilled  water  ; 
filtei-ed,  cooled,  and  treated  with  soap  solution,  exactly  in  the 
same  way  as  in  the  previous  case. 

9.  Alkalinity. — The  alkalinity  of  water  is  best  taken  by  using 
as  an  indicator  an  alcoholic  solution  of  tincture  of  cochineal,  which 
is  not  affected  by  carbonic  acid,  and  strikes  a  beautiful  crimson 
purple  colour  with  a  trace  of  alkali,  a  reddish-yellow  with  acids. 
100  cc.  or  more  are  placed  in  a  tall  cylinder  of  colourless  glass,  and  a 
decinormal  hydrochloric  acid  is  run  in,  drop  by  drop,  from  a 
burette  until  the  colour  changes  to  a  yellowish  hue.  The  result 
is  expressed  in  terms  of  carbonate  of  lime,  each  cc.  of  decinormal 
acid  equalling  5  mgrm.  of  carbonate  of  lime. 

10.  Organic  Analysis  of  Water:  Estimation  of  Organic  Carbon 
and  Nitrogen. — (1.)  Carbon. — There  are  four  main  ways  in  which 
the  carbon  in  a  water  residue  is  estimated — (1.)  as  gas;  (2.)  gravi- 
metrically;  (3. )  nephelometrically  ;  (4.)  indu'ect  methods. 

(1.)  Carbon  as  Gas. — ^The  first  method(which  consists  in  burning 
up  the  carbon  into  carbon-dioxide,  and  estimating  both  it  and  the 
nitrogen  in  a.  suitable  gas-apparatus)  we  owe  to  Dr.  Franklaud, 
who  proposed  and  practised  it  as  early  as  1867. 

Franlcland's  Combustion  Process. — A  quantity  of  water,  varying 
from  100  cc.  to  a  litre,  according  to  the  amount  of  impurity  sus- 
pected from  other  determinations  [especially  of  the  free  ammonia] 
is  evaporated  to  dryness  with  special  precautions.  These  pre- 
cautions are  mainly  two — (1.)  The  protection  of  the  sample  from 
dust  during  the  evaporating  process,  and  (2.)  the  destruction  of 
carbonates,  nitrates,  and  nitrites,  which,  it  is  scarcely  necessary 
to  say,  would  greatly  interfere  with  the  results,  and  indeed 
render  them  valueless.  Small  quantities  of  water,  such  as  sewage 
and  the  like,  can  be  evaporated  under  any  improvised  cover,  but 
for  larger  quantities  Dr.  Franklaud  recommends  a  self-filling 
circular  water-bath,  on  the  top  of  which  rests  a  flanged  copper 
capsule,  serving  as  support  to  a  thin  glass  dish,  in  which  the 
evaporation  of  the  water  takes  place.  The  dish  is  protected  from 
dust  by  being  covered  by  a  tall  glass  shade,  such  as  is  used  for 
statuettes.  The  bulk  of  the  water  for  evaporation  is  contained 
in  a  flask,  to  the  neck  of  which  is  a  ground  glass  tube  bent  ap- 
propriately.   Tlie  flask,  when  (illed  with  the  water  and  connected 
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with  this  tube,  is  by  a  quick  movement  inverted,  so  that  the  end  of 
the  tube  rests  on  the  ghiss  dish.  A  little  above  the  end  of  tlie  tube 
there  is  a  short  side  tube  bent  at  right  angles,  of  smaller  diameter 
than  the  tube  itself,  the  effect  of  which  is  that  directly  the  water 
in  the  dish  falls  below  the  little  angle  of  this  tube,  air  bubbles  up 
into  the  flask,  and  more  water  runs  into  the  dish.  In  this  way 
the  evaporating  dish  is  kept  at  a  constant  level  until  the  whole 
of  the  water  is  used  up.  The  steam  condenses  on  the  inside  of 
the  glass  shade,  and  collects  in  the  copper  capsule  underneath  the 
glass  dish,  and  is  finally  conducted  away  by  a  piece  of  tape 
which  passes  over  the  copper  lip  of  the  bath.  The  evaporation 
of  a  litre  of  water  takes  about  26  hours,  but  with  proper  arrange- 
ments it  is  continuous,  and  when  once  started  requires  no  super- 
vision. The  evaporating  time  is  really  a  small  matter,  for  the 
analyst  can  begin  it  one  morning,  and  it  will  be  ready  the  next. 
Before  the  water  is  submitted  to  evaporation  it  is  boiled  briskly 
with  20  cc.  of  sulphurous  acid ;  or  if  previous  estimations  have 
shown  that  there  is  a  larger  quantity  of  nitrogen  as  nitrates  and 
nitrites  than  -5  jier  100,000,  a  lai'ger  amount  of  sulphurous  acid 
must  be  added.  To  ensure  the  destruction  of  nitrates,  a  drop  of 
ferrous  chloride  is  added  to  the  first  dishful  of  water.  Lastly,  in 
dealing  with  waters  deficient  in  carbonates  (in  which  case  the 
sulphui'ous  acid,  when  oxidised  to  sulphuric,  might  not  off"er  a 
sufficient  base  for  combination,  and  therefoi'e  tliere  might  be  some 
destriiction  of  the  organic  mattei-),  1  or  2  cc.  of  a  saturated  solu- 
tion of  hydric  sodic  sulphite  are  added,  which  will  give  any 
sulphui'ic  acid,  otherwise  free,  sufficient  base  for  combination. 
When  the  evaporation  is  complete,  the  next  step  is  to  remove  the 
residue  from  the  dish  and  burn  it  w])  in  a  vacuum  with  oxide  of 
copper.  To  avoid  this  removal.  Dr.  Dupre  has  proposed  and  used 
a  collapsable  silver  dish  :  the  water  in  this  dish  is  evaporated 
down  in  the  usual  way,  and  then  the  dish  can  be  rolled  up  and 
thrust  into  a  combustion  tube.  If  the  anal3'st  does  not  use  the 
silver  dish,  the  residue  must  be  I'emoved  by  the  aid  of  a  flexible 
spatula,  and  mixed  with  copper  oxide.  The  combustion  tube,  18 
Indies  long  and  of  rather  narrow  bore,  is  cleansed  and  dried, 
and  charged  Ijy  the  aid  of  a  small  metallic  scoop,  first  with  a  little 
coarse  oxide,  after  which  the  residue  is  mixed  with  oxide ;  lastly 
some  more  oxide  is  added,  and  in  front  of  this  is  placed  a  roll  of 
copper  gauze  which  has  first  been  oxidised  in  air  and  then  reduced 
in  hydrogen. 

Tlic  usual  precautions  in  filling  a  combustion  tube  for  organic 
analysis  are,  of  course,  to  be  strictly  observed.  The  tube  is  now 
placed  in  a  combustion  furnace,  exhausted  of  all  air  by  a  Sprcngel 
pump,  the  tube  made  gradually  red-hot,  and  the  gas  fiually  trans- 
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ferred  to  a  gas  apparatus.  The  present  writer  has  forsaken  the  use 


of  Sprengel  pumps,  and  for  this 
and  all  other  vacuum  operations 
employs  the  mercury  pump  de- 
scribed at  page  70,  the  figure  of 
which  is  here  repeated.  The 
combustion  tube  is  attached  by 
a  short  piece  of  pressure  tubing 
direct  to  the  bent  tube  at  Z, 
made  perfectly  vacuous,  and 
when  no  air  is  delivered  into  B 
the  stopper,  F,  is  replaced  by  the 
tube  SST.  After  having  filled 
the  thread  of  SS'P  with  mercuiy, 
and  again  seen  that  there  is  no 
air  in  the  apparatus,  it  should 
be  left  for  a  short  time  to  ascer- 
tain whether  the  single  joint  is 
sound.  Any  leakage  is  dis- 
covered by  the  mercury  column 
sinking  La  AA.  All  being  sound, 
the  point  P  is  placed  under  any 
eudiometer  or  gas-apparatus 
Avhich  the  analyst  may  have,  and 
the  combustion  proceeded  with, 
the  gas  finally  being  pumped 
into  the  measuring  apparatus 
by  opening  the  stojDCOck  S',  and 
working  the  reservoir  R  up  and 


Fio;.  46. 


down.  There  is  no  method  superior  to  this,  and  few  equal  to  it 
The  author  also  uses  a  gas  apparatus  somewhat  different  from 
that  generally  employed.  This  apparatus  consists  (see  fig.  47) 
of  a  reservoir,  A,  attached  by  an  india-rubber  pressure  tube  to  a 
glass  tube,  B,  which  in  its  turn  is  connected  with  the  steel  block 
invented  by  Mr.  J.  W.  Thomas.*  The  barometer  tube,  C,  pos- 
sesses no  stopcock,  it  being  unnecessary;  but  it  is  filled  perfectly 
Avith  mercury,  and  then  stoppered  with  caoutchouc  and  a  bit  of 
glass  rod,  and  finally  sealed  from  any  air-leakage  by  a  little  cell 
filled  with  mercury  (S).  The  laboratory  tube,  V,  is  a  glass 
cylinder  of  J-  diameter  and  5  in.  in  length,  and  provided  with 
several  divisions  at  equal  distances.  It  is  secured  by  a  suitable 
clamp  in  the  mercury  trough  [this  clamp  is  omitted  in  the  dia- 
gram], and  when  it  is  wished  to  connect  it  witli  the  reservoir  and 
barometer  this  is  easily  eflfected  by  slipping  it  on  to  the  end  of  the 
*  Journal  of  tlie  Chan.  Society,  May,  1870,  p.  21S. 
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tube,  I,  which  is  fitted  securely  and  permanently  into  the  bottom 
of  the  mercuiy  trough,  and  has  been  ground  so  as  to  fit  the  end 
of  the  laboratoi-y  tube  with  a  perfect  yet  easy  joint.    V  is  also 
jacketed,  as  indicated  by 
dotted  lines.    The  jacket  ^ — 4 

is  a  short  cylinder,  closed 
at  the  top  by  a  caoutchouc 
stopper,  through  which 
pass  two  tabes,  the  one 
connected  with  india- 
rubber  tubing  from  the 
barometer  jacket,  the 
other  connected  with  a 
waste  pipe.  There  is  no 
practical  difference  as  to 
the  particular  course  for 
the  water  to  take.  It 
may  enter  the  top  or  the 
bottom  of  the  jackets,  but 
there  must  be  a  con- 
stantly running  stream. 
It  is  necessary,  first  of  all, 
to  find  the  exact  milli- 
metre division  of  the 
barometer  tube,  which 
eacli  divi-sion  of  V  corre- 
sponds to,  and  this  is 
effected  by  directing  a 
low  power  telescope,  or, 
as  for  tliat,  a  tube  to  each 
division  provided  with  a  spirit  level.  It  is  also  necessary  to 
know  the  exact  capacity  of  V,  which  is  obtained  by  filling  it 
■with  water,  and  allowing  air  to  gradually  displace  the  water, 
-weighing  the  diflbront  fractions  of  the  displaced  water  at  each 
division. 

To  make  an  ordinary  analysis  of  a  gas  containing  nitrogen 
and  carbon  dioxide,  the  gas  is  collected  or  transferred  into  V ; 
V  worked  on  to  I ;  the  reservoir  lowered,  after  opening  tlie 
■way  in  the  steel  block,  to  both  barometer  tube  and  laboratory 
vessel,  Tiiitil  any  convenient  division  in  V  is  reached  (a  good 
stream  of  water  running  all  the  time  through  the  jackets) ;  the 
height  of  tlie  barometer  tube  is  now  read,  tlie  temperature  of 
the  ■water  noted,  and  the  usual  calculations  made.  To  absorb 
the  carbon  dioxide,  V  is  carefully  removed  from  off  I,  of  course 
taking  caro  in  the  removal  that  the  open  end  of  V  is  not  lifted 


532 


FOODS:  THEIR  COMPOSITION  AND  ANALYSIS. 


L§  319. 


above  the  mercury.  A  small  bit  of  potash  is  now  melted  on  to  a 
platinum  wire  moistened  and  thrust  up  into  the  gas ;  it  remaius 
there  until  by  shaking  no  further  absorption  is  observed.  The 
wii-e  is  then  withdrawn,  and  V  worked  on  to  I  as  before,  and 
the  gas  measured.  If  the  laboratory  vessel  is  furnished  with 
l^latiniim  wires  near  the  top,  the  apparatus  can  also  be  used  for 
analyses  by  explosion.  The  writer  prefers  to  absorb  cai'bon  dioxide 
in  the  old-fashioned  way,  by  a  piece  of  potash,  so  as  not  to  soil  the 
mercui-y  too  much  by  liquids  ;  hwt  when  it  becomes  a  question 
of  the  use  of  alkaline  pyi'ogallic  acid,  or  Nordhausen  sulphuiic 
acid,  it  is  better  not  to  use  the  laboratory  vessel  described,  but  to 
slip  on  to  the  end  of  I  a  small  piece  of  rubber  tubing,  so  as  to 
make  the  large  end  of  an  ordinary  burette  fit  mercury-  and  aii'- 
tight.  The  upper  and  smaller  end  of  the  burette  is  pro'saded 
with  good  pressure  tubing  provided  with  a  clamp,  and  by  means 
of  a  bit  of  thick-walled  capillary  glass  tubing  connected  with  the 
pipette  figured. 

The  pipette  consists  of  two  bulbs,  A  and  B.  C  is  a  thick- 
walled  glass  tvibe,  with  a  capillar}'- 
X  is  the  India-rubber  con- 
Before  commencing  an  ab- 
A  must  be  filled  through  B 
with  the  reagent ;  it  is  then,  when 
properly  connected,  easy  to  drive  the 
gas  over  into  A,  and  also  at  the  last 
a  thread  of  mercury  sealing  C.  The 
pipette  may  now  be  disconnected  and 
well  shaken  without  any  loss  of  gas, 
and  absorption  is  far  moi'e  rapid  than 
when  liquid  reagents  are  applied  in  the 
ordinary  manner.  An  analysis  of  a 
sample  of  air,  and  one  of  a  gas  con- 
sisting of  carbon  dioxide,  nitric  per- 
oxide and  nitrogen,  may  be  cited  as 
an  example. 

brought  to  the  tenth  division  of  a 


bore ;  at 
nection. 
sorption. 


-C 


air 


Fig.  48. 
Air. — A  sample  of 
burette  fitted  on  to  I,  barometer" tube  i-eading  900  mm.,  but  the 
corresponding  to  division  10,  is  325  mm. 


barometer  reading 


Therefore  this  has  to  be  subtracted  :  900  -  325  =  575  mm.,  which 
is  the  pressure  of  the  total  gas.  On  taking  the  burette  oft'  I, 
and  inserting  a  moist  stick  of  potash,  and  again  reading  at  the 
same  division,  the  barometer  reading  is  now  899-8  mm.  ;  this 
subtracted  from  900  gives,  as  the  tension  of  the  carbon  dioxide, 
•2  mm.  Lastly,  on  impelling  the  gas  into  the  pi])ette  (fig.  48), 
and  submitting  it  to  the  action  of  alkaline  pyrogallate  for  two 
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hours  with  frequent  shaking,  and  measuring  at  the  same  divi- 
sion, the  barometer  reading  is  780"9,  which  subtracted  froui 
the  former  reading  gives  as  the  pressure  of  the  oxygen  119  mm. 
Hence 

Pressure  of  carbon  dioxide,       ....  "2 

,,        oxygen  119-0 

,,        nitrogen,  ......       455 '8 


Total  pressure,       .       .       .  575-0 

Since  the  temperature  was  constant  throughout,  if  tlie  volume 
in  percentages  only  is  required,  the  calculation  is  as  follows  : — 

(1.)       575    :        -2    :  :       100  =  carbon  dioxide 

575 

(2.)       575    :    119-0    :  :       100  =  o.xygen 


That  is,  the  air  contained  -03  per  cent,  of  carbon  dioxide,  and 
20"69  per  cent,  of  oxygen. 

In  a  determination  of  the  carbon  and  nitrogen  of  a  water 
residue  (from  a  litre),  the  following  is  an  example  of  the  method 
and  of  the  numbers  obtained  : — The  gas  was  pumped  out  by  the 
mercury-pump  direct  into  V,  V"  was  then  fitted  on  to  I,  and 
measured  at  the  fourtli  division ;  the  pressure  of  the  mercury  as 
read  on  tlie  barometer  tube  was  850  mm.;  but  since  the  division 
itself  equalled  or  corresponded  to  284,  tlie  total  pressvire  of 
the  gas  was  850-  284  =  566  mm.  On  now  absorbing  by  a  stick 
of  potasli,  the  pressure  was  found  to  be  534,  therefore  the  ten- 
sion of  the  carbon  dioxide  was  850-584  =  206.  Two  bubbles 
of  pure  oxygen  were  now  added,  and  the  gas,  which  immediately 
became  of  a  red  colour,  submitted  to  the  action  of  alkaline 
pyrogallate ;  after  tliis  operation  the  barometer  reading  was 
574,  and  tlierefore  tlie  i)ressure  of  tlie  nitric  ])eroxide  was 
584  —  574  =  10  mm.  Wo  liavc,  therefore,  the  following  deter- 
minations : — 

Division  4  =  23  '5  cc.    Temp.  =  1 1°  -5 

mm. 

Tension  of  nitrogen  and  nitric  oxido,    .       .       .  300 
,,        nitrogen,      ......  290 

,,        the  three  mixed  gases,  .       .       .       .  5GG 

These  operations  have  furnished  three  uncorrected  volumes  of 
gases — 
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A.  Volume  of  the  three  mixed  gases. 

B.  Volume  of  nitric  oxide  and  nitrogen. 
0.  Volume  of  nitrogen. 

The  volumes  must,  therefore,  all  be  reduced  by  the  usual  cal- 
culations to  0°  temp,  and  760  mm.  pressure. 

From  the  corrected  volumes  the  quantities  of  carbonic  dioxide 
and  nitrogen  may  be  reduced  as  follows  : — 


From  these  corrected  volumes  of  nitrogen  and  carbonic  dioxide, 
the  weights  of  carbon  and  nitrogen  can  be  obtained  by  calcula- 
tion or  by  tables.  There  is,  however,  a  far  simpler  means  of 
arriving  at  the  desired  result  by  the  aid  of  the  following  data  : — 

1.  The  weights  of  carbon  and  nitrogen  contained  in  equal 
voltimes  of  carbon  dioxide  and  nitrogen  gases,  measured  at  the 
standard  temperature  and  pressure,  are  to  each  other  as  3  :  7. 

2.  The  weights  of  nitrogen  contained  in  equal  volumes  of 
nitrogen  and  nitric  oxide  are  as  2  :  1. 

Hence,  if  we  assume  that  for  the  purpose  of  calcvilation  the 
gaseous  mixture  consists  entirely  of  nitrogen,  and  that  two 
successive  portions  of  the  nitrogen  are  removed  from  it  by  the 
reagents ;  then,  if  A  be  the  weight  of  the  total  gas  calculated 
as  nitrogen,  B  the  weight  after  absorption  of  the  first  portion 
(COg),  and  C  the  weight  after  the  absorption  of  the  second  por- 
tion (NgOg) ;  further,  if  x  and  y  represent  respectivelj^  the 
weights  of  carbon  and  nitrogen  contained  in  the  gaseous  mix- 
ture, then  the  following  simple  equations  express  the  values  of 
X  and  ?/ : — 


Log.  of  div.  4  (23-5  cc),  =  1-.37106 

Log.  of  566  =       2  •75281 

Log.  from  table  LVII,  p.  557,  corresponding  to  1 1  -5,  =     -  6  -20029 


B-C 
2 


+  0  = 


A  -  B  =  volume  of  CO2 
=  — =  volume  of  nitrogen. 


A. 


2-32416 


B. 


Log.  div.  4,  . 

Log.  of  .-{OO,  \ 
Log.  from  table  LVIL,  p.  557, corresponding  to  ll°-5, 


1-  37100 

2-  47712 
G -20029 


•01 187 


2-04847 
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C. 


Log.  div.  4,  =  1-37106 

Log.  of  290,  =  2-46239 

Log.  from  table  LVII.,  p.  557,  covre- 
spondingto  lI°-5,     .       .       .       .       =  --^6;20029 

-2-03374 


Or  the  water  contains  in  100,000  parts  -438  carbon,  1-133 
nitrogen. 

Other  Methods  of  Beter mining  Organic  Elements. — Mr.  Smethan* 
Las  published  a  process  which  does  not  entail  the  drying  of 
the  i-esidue. 

A  litre  of  the  water  under  examination  is  acidified  with 
jihosphoric  acid,  and  concentrated  to  50  cc.  It  is  then  oxidised 
by  means  of  an  oxidising  mixture,  consisting  of  1  grm.  of 
bichronate  of  potash,  1  grm.  of  jiermanganate  of  potash,  and  20 
cc.  of  sulphuric  acid,  of  1-4  specific  gravity.  The  liquid  is  then 
boiled,  and  the  COj  condensed  in  an  absorption  tube  on  similar 
principles  to  those  adopted  by  Dupre  and  Hake,  the  carbonate 
of  baryta  being  ultimately  determined  as  sulphate.  In  Mr. 
Smethan's  paper  there  are  full  details,  and  the  test  experiments 
with  known  weights  of  sugar,  benzoic  acid,  isinglass,  picric  acid, 
and  iirea  appear  to  bo  very  satisfactory ;  but  the  writer  has  no 
personal  experience  of  it. 

In  1878  Messrs.  J.  A.  Wanklyn  and  Cooper  took  out  a  patentt 
for  a  method  of  determining  organic  matter  in  water  by  means 
of  an  alkaline  solution  of  permanganate  of  potash. 

Tlic  solutions  required  for  this  patent  process  are  : — 

1.  A  solution  of  ])(!rmanganate  of  potash,  1  cc.  of  which  is 
equivalent  to  1  milligramme  of  oxygen. 

2.  A  solution  of  ferrous  sulphate,  1  cc.  of  which  exactly 
decolouris(!S  1  cc.  of  tlic  permanganate. 

3.  A  solution  of  caustic  potash  (5  per  cent). 

4.  Dilute  sulphuric  acid. 

A  litre,  or  any  other  convenient  quantity  of  water,  is  placed  in 
a  clean  retort  ;  5  cc.  of  the  potash  solution  and  b  cc.  of  the  per- 
manganate solution  are  added,  and  the  water  is  boiled  until  it 
measures  about  700  cc. 

If  it  decolourises  during  this  pi'ocess  completely,  another 
quantity  of  alkalino  permanganate  is  di-opped  in. 

After  cooling,  10  cc.  of  the  sulphuric  acid  and  5  cc.  of  tho 
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iron  solution  are  added,  which,  of  course,  decolourise  the  liquid, 
and  the  standard  solution  of  permanganate  is  next  dropped  in 
until  a  pink  coloiir  is  produced. 

The  following  may  suffice  as  an  example  of  the  method  of 
calculation  : — A  water  was  boiled  in  the  manner  detailed  with 
5  CO.  of  the  permanganate  and  5  cc.  of  the  potash  solution.  On 
cooling,  sulphuric  acid  and  5  cc.  of  ferrous  sulphate  were  added  ; 
to  restore  the  pink  colour  4  cc.  of  the  permanganate  solution 
were  required,  hence  the  total  permanganate  used  was  the 
original  5  cc.  and  4  cc.  finally  added — total,  9  cc.  Subtract  the 
5  cc.  of  ferrous  sulphate,  which  leaves  4  cc.  of  permanganate  used 
by  the  impurities  in  the  water,  and  as  each  cc.  is  equal  to  a 
milligi-amme  of  oxygen,  it  follows  that  the  litre  of  water  required 
4  milligrammes  of  oxygen. 

In  a  jDaper  contributed  to  the  FhilosojjJdcal  Magazine,  Mr. 
Wanklyn  has  further  developed  the  process,  by  stating  that  even 
acetates  may  be  burnt  up  to  carbonates,  by  raising  the  tempera- 
ture of  the  alkaline  permanganate  to  160°  or  180°  Avith  addition 
of  a  little  hydrated  binoxide  of  manganese  to  stop  the  evolution 
of  oxygen. 

There  is  no  do\ibt  of  the  powerful  oxidising  influence  of 
alkaline  permanganate,  but  liithei-to  few  chemists,  except  the 
patentees,  have  used  this  process  methodically  in  the  examination 
of  water,  and  there  has  been  no  general  consensus  of  opinion 
with  regard  to  its  nsefulness. 

That  the  patentees  can  legally  claim  the  invention  of  oxida- 
tion by  alkaline  permanganate  as  their  own,  seems  a  proposition 
hardly  tenable,  since  it  has  been  used  before  by  various  chemists  ; 
but  its  use  in  the  particular  manner  laid  down  in  the  patent,  and 
in  the  particular  proportions  given  is,  of  course,  a  diflferent 
matter. 

Gravimetric  Estimation  of  Minute  Quantities  of  Carbon. — 
Drs.  Dupre  and  Hake  in  1879*  published  a  method  of  gravi- 
metrically  estimating  minute  quantities  of  carbon  by  burning 
up  in  a  current  of  pure  oxygen,  and  then  absorbing  the  CO^ 
thus  produced  in  baryta  water,  and  converting  the  baryta 
carbonate  into  baric  sulphate.  A  product  was  thus  obtained 
which  weighs  19-4  times  as  much  as  the  carbon  originally 
present. 

The  details  of  the  process  are  as  follows  : — A  combustion  tube, 
open  at  both  ends,  and  about  24  inches  long,  is  drawn  out  and 
bent  downwards  at  one  end  at  an  angle  of  ISO*-"",  so  that  it  may 
be  conveniently  attached  to  a  Pettenkofl'er's  absorption  tube,  the 
other  end  being  connected,  by  means  of  a  caoutchouc  stopper  and 
,    *  Journal  of  Chemical  Society,  March,  1879. 
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glass  tubing,  with  an  oxygen  reservoir.  This  combustion  tube 
is  filled  half  way  from  the  bent  end  with  granulated  cuprie 
oxide,  which  may  conveniently  be  held  in  position  either  by  plugs 
of  asbestos  or  hy  platinum  wire  gauze,  or  by  a  combination  of 
both.  The  connection  with  the  oxygen  reservoir  being  then 
made,  the  greater  jiart  of  the  tube  is  heated  to  redness,  with  the 
ordinary  precautions,  and  a  stream  of  oxygen  (which  is  first  con- 
ducted through  a  long  tube  containing  caustic  potash)  is  passed 
over  the  glowing  oxide  of  copper  until  the  issiiing  gas  ceases, 
after  long  bubbling,  to  cause  any  turbidity  in  the  bright  baryta 
water.  As  soon  as  this  point  is  reached,  the  portion  of  the  com- 
bustion tube  preceding  the  layer  of  cupric  oxide  is  allowed  to 
cool  somewhat,  and  the  tube  is  now  ready  to  be  connected  with 
the  absorption  ajjparatus.  The  clean  absorption  tube  is  care- 
fully rinsed  with  water,  and  is  clamped  in  front  of  the  furnace  in 
such  a  manner  that  its  bulb  end  is  somewhat  higher  than  the 
end  to  be  connected  to  the  combustion  tube.  Both  ends  must 
be  provided  with  convenient  stoppers,  consisting  of  short  pieces 
of  caoutchouc  tubing  closed  with  a  small  piece  of  glass  rod.  The 
stoppers  being  removed,  air,  which  is  first  caused  to  pass  through 
a  tube  containing  caustic  potash,  is  pumped  through  the  tube  for 
about  two  minutes,  and  it  is  then  filled  with  baryta  water  aa 
follows  : — The  baryta  water  (of  strength  1-5  per  cent.)  is  kept 
in  a  sufficiently  large  stock  bottle,  provided  with  a  caoutchouc 
stopper,  through  which  pass  two  bent  glass  tubes,  the  long  one 
for  syphoning,  the  shorter,  to  which  a  potash  tube  is  attached, 
being  connected  with  a  small  hand-bellows.  In  filling  the 
absorption  apparatus,  the  longer  syphon  tube  is  connected  with 
it  by  means  of  flexible  tubing,  and  the  baryta  water  is  forced 
over  by  gentle  pressure  of  the  bellows,  the  bulb  end  of  the 
absorption  apparatus  being  provided  with  a  potash  tube.  As  soon 
as  the  absorption  apparatus  is  half  filled,  the  fiovv  of  baryta  water 
is  arrested;  the  ends  of  the  Pettenkofler  tube  are  immediately 
closed  by  its  sto[)])ors,  and  it  is  now  ready  for  use.  By  these 
means  the  tube  is  filled  with  ])erfectly  clear  and  briglit  baryta, 
water.  The  absorption  apparatus  is  now  connected  with  the 
combustion  tube,  and  the  combustion  proceeded  with.  The 
silver  dish  containing  tlie  water  residue  having  been  inserted 
just  behind  the  copper  oxide,  it  is  burnt  in  a  slow  current  of 
oxygen,  and  the  carbon  dioxide  is  absorbed  and  converted  into 
l)aric  carbonate  in  the  absorption  tube.  In  order  to  filter  off 
and  convert  the  baric  carbonate,  a  funnel  and  filter  are  arranged 
to  stand  over  a  beaker  containing  a  layer  of  caustic  potash 
.solution  at  the  bottom,  the  whole  being  covered  by  a  bell  jai", 
which  itself  stands  in  a  layer  of  caustic  ])otash  solution.  The 
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mouth  of  the  bell  jar,  which  is  immediately  over  the  funnel,  is 
closed  by  a  thick  caoutchouc  cap  with  two  narrow  openings,  one 
of  which  is  provided  with  a  caustic  potash  tube.  (Soda  Hme 
apparently  answers  equally  well.)  The  other,  which  is  tem- 
poi-arily  stoppered,  contains  a  straight  glass  tube,  placed  imme- 
diately over  the  filter  so  that,  after  the  whole  arrangement  has 
been  left  some  time  to  itself,  in  order  that  all  enclosed  air  may 
be  free  from  CO^,  direct  connection  may  be  made  with  the 
Pettenkofter  tube  by  means  of  flexible  tubing  sufficiently  long  to 
admit  of  some  slight  freedom  of  action.  Filtration  may  thus  be 
carried  on  without  danger  of  COg  being  introduced  from  the 
atmosphere,  the  additional  precaution  being  taken  of  compelling 
all  air  which  passes  through  the  Pettenkofier  tube  during  this 
process  of  filtration,  to  pass  through  a  tube  containing  caustic 
potash  attached  to  the  tube  itself  The  washing  of  the  preci- 
pitate in  the  tube  and  on  the  filter  is  effected  almost  entii-ely 
with  boiling  water,  which  has  been  previously  saturated  with 
carbonate  of  barium  [solubility  1  in  15,000],  but  finally  with  a 
small  quantity  of  boiling  distilled  water.  After  complete  wash- 
ing, the  tube  is  disconnected,  and  the  filter  ultimately  rinsed 
round,  while  still  under  the  bell  jar,  by  means  of  the  long  tube 
already  mentioned,  and  which,  when  not  clamped,  may  be  moved 
freely  in  all  directions.  The  bell  jar  is  then  removed,  and  the 
precipitate  is  rapidly  washed  together  into  the  bottom  of  the 
filter. 

The  Pettenkofier  tube,  which  may  contain  minute  particles  of 
baric  cai'bonate  not  removed  by  the  washing,  is  rinsed  twice  with 
small  quantities  of  dilute  pure  hydrochloric  acid  (about  1  in  50), 
and  finally  with  distilled  water  :  the  rinsings  are  poured  on  to 
the  filter  on  which  the  greater  mass  of  baric  carbonate  is  already 
collected.  The  filter  is  further  washed  with  dilute  hydrochloiic 
■acid,  and  finally  with  distilled  water  :  and  the  whole  of  the 
solution  of  baric  chloride  so  formed  is  carefully  collected  in  a 
small  beaker.  The  quantity  of  such  solution  need  not  exceed  50 
■cc.  This  solution  of  chloride  of  barium  has  next  to  be  evaporated, 
which  is  best  done  in  a  platinum  vessel  on  the  water-bath.  It  is 
then  ti'ansferred,  when  greatly  decreased  in  bulk,  to  a  much 
smaller  platinum  dish,  weighing  about  5  grms.,  and  finally 
evaporated  to  dryness  after  the  addition  of  a  few  drops  of  pure 
■sulphuric  acid.  The  dish  and  its  contents  have  then  to  be 
iginfced,  the  residue  moistened  with  a  drop  of  nitric  acid  and  re- 
■dried,  and  the  whole  re-ignited  and  weighed  to  conclude  the 
operation.  The  amount  of  carbon  present  is  obtained  by  dividing 
the  weight  of  the  baric  sulphate  by  19-4. 

-N'epha/ometr.ic  Met.hod. — This  ingenious  metliod  we  also  owe 
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to  Dupre  and  Hake.  The  carbonic  acid  resulting  from  the 
combustion  of  an  organic  residue  is  passed  into  perfectly  pure 
clear  solution  of  basic  lead  acetate,  and  the  turbidity  produced 
is  imitated  by  known  weights  of  COo  ;  in  fact,  the  operation  is  a 
colour  method  conducted  on  the  same  principle  as  "  Nesslerising," 
■with  this  important  difference,  that  no  success  will  be  obtained 
unless  there  are  special  precautions  taken  to  prevent  the  con- 
tamination of  the  solutions  by  the  breath  and  air,  Arc. 

The  Author^ s  Method  of  Estimating  Minute  Quantities  of 
Carbon. — The  writer  in  1881  made  some  very  extended,  and  as 
yet  unpublished,  experiments  on  the  estimation  of  organic  carbon 
in  the  aii-,  and  the  method  was  afterwai'ds  extended  to  all  esti- 
mations of  minute  quantities  of  carbon  dioxide,  in  which  the 
balance  from  the  small  quantity  present  was  likely  to  give  less 
accurate  results  than  measurement  as  a  gas. 

The  method,  briefly,  consists  of  a  suitable  arrangement  by 
which  the  carbon  dioxide  is  absorbed  in  a  solution  of  caustic 
potash,  and  ultimately  evolved  as  gas.  The  arrangement  for 
evolving  the  carbon  dioxide  absorbed  as  a  gas  is  the  same  as  that 
described  at  page  99,  and  is  simplicity  itself ;  in  fact,  the 
materials  for  the  estimation  merely  consist  of  a  flask  with  a 
caoutchouc  cork,  rod,  aud  Bunseu's  valve,  an  ordinary  eudiometer 
and  mercury  trough,  and  lastly,  a  little  test  tube  with  sufiicient 
acid  to  more  than  neutralise  the  potash.  The  solution  in  the 
flask  is  boiled  briskly  until  all  air  is  expelled,  then  the  beak  of 
the  tube  is  put  under  the  eudiometer,  and  the  glass  rod  lifted  up 
a  little  to  allow  the  test  tube  to  fall.  A  brisk  eflervesceuce  takes 
place,  and  the  whole  of  the  gas  as  pure  CO^,  is  boiled  out  into  the 
measuring  tube.  At  flrst  the  autlior  always  proved  its  [)urity  by 
again  absoi'bing  it  with  KHO,  but  as  the  result  was  always  per- 
fect absorption,  this  was  abandoned.  Of  course,  tlio  gas  is 
reduced  to  standard  pressure  ajid  temperature. 

That  this  method  is  applicable  to  the  determination  of  the 
minute  quantity  of  carbon  in  a  water  reHi<lu(!  is  obvious.* 

Mineral  Analysis  of  Water. — Ordinary  thinking  water  holds 
dissolved  but  few  saline  matters,  and  when  an  analyst  has 
detennincd  chlorine,  nitrates,  sulphates,  phos})liatcs,  and 
carbonates,  and  also  lime  and  magnesia  and  allcalies,  he  will 

*  Other  method.')  of  clctcrminiiig  orLjanic  clcinciits  liavc  been  jiroposcil  j 
ouc  of  the  most  recent  is  ;i  ])ropositioii  to  c.stiiii;itc  iiitrot^cn  as  NHg,  by 
first  treating  tlic  water  witli  tlio  zinc  eo])i)cr  couple,  expelling  the  animouia 
thus  [iroduccd  by  the  decomposition  of  nitrates  ;  Ixjiling  the  solution  to 
dryness  with  caustic  soda  in  a  copper  llask,  ultimately  raising  the  heat  to 
incineration  ;  and  condensing  the  jiroducts  formed,  and  Nesslcri.sing.  — Sco 
"On  a  Method  of  Estimating  Organic  Nitrogen,"  by  \Villiam  Bettel — 
Chemical  News,  Jan.  27,  1882. 
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nsiially  find,  on  adding  the  several  amounts  together,  that  he  gets 
numbers  very  nearly  equal  to  the  solid  saline  residue.  An 
excellent  method  of  approximately  estimating  the  various  saline 
constituents  of  a  water  is  to  evaporate  down  to  dryness  a  known, 
quantity,  then  to  treat  the  residue  with  a  little  hot  water,  which 
will  dissolve  all  t])e  soluble  salts  out,  but  leave  insoluble 
carbonate  of  lime  and  silica.  In  the  soluble  portion,  the  soluble 
lime,  the  magnesia,  and  the  alkalies  are  determined ;  the  chlorides, 
sulphates,  and  nitrates,  &ve  estimated  on  the  unconcentrated 
water  by  the  processes  already  detailed.  It  is  also  always  open 
to  make  the  analysis  in  the  old-fashioned  way,  that  is,  to 
evaporate  down  a  large  quantity  of  water,  to  separate  the 
silica  by  treatment  of  the  ash  or  residue  with  hydrochloric 
acid,  and  after  se^jaration  of  the  silica  to  divide  the  solution  into 
three  or  four  quantities,  in  which  sulphuric  acid,  lime,  magnesia, 
&c.,  are  determined  by  the  ordinary  methods. 


IV.  Biological  Methods. 
§  320.  A.    Microscopical  Appearances. — To  make  a 


microscopical  examination  of  water,  it  is  necessary  to 
collect  the  sediment  or  deposit  which  falls  to  the 
bottom  of  the  vessel  in  which  the  water  stands.  The 
most  convenient  way  of  doing  this  is  to  use  the  author's 
tube  (fig.  49),  which  holds  a  little  more  than  a  litre. 
The  little  glass  cell  C  is  adjusted  to  the  pipette-like 
end,  the  rod  is  removed,  and  after  introduction  of  the 
water  the  tube  is  covered  and  set  aside  for  twenty -four 
hours.  At  the  end  of  that  time  any  deposit  will  have 
collected  in  the  glass  cap.  On  now  carefully  inserting 
the  rod-like  stop2Der,  the  cap  or  cell  can  be  removed  with 
great  ease,  and  its  contents  submitted  to  microscopical 
examination.  With  very  jjure  waters  merely  a  little  sand 
or  formless  debris  collects  in  the  cap,  and  there  is  no  life. 
If,  however,  in  the  first  place  eight  or  ten  gallons  are 
allowed  to  deposit  in  a  capacious  vessel,  most  of  tlie 
water  run  off,  and  then  the  last  litre  rinsed  into  the 
tube,  in  nearly  eveiy  case  there  may  be  a  few  life-forms 
and  sufficient  matter  collected  to  give  definite  results. 
It  need  scarcely  be  said  that  an  opinion  must  not  be 
formed  upon  a  microscopical  examination  without  taking 


Fig.  49.    into  account  the  amount  of  water  from  which  the  sedi- 
ment has  been  collected,  and  a  definite  quantity  should 
be  generally  agreed  on  by  analysts.    As  for  the  present  wi-iter's 
practice — when  a  gallon  of  water  throws  down  only  mineral 
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matters  and  a  little  scanty  unrecognisable  debris  witliont  life- 
forms — although  kept  for  at  least  twenty-four  hours  at  a 
temperature  of  from  15°  to  17°,  and  exposed  to  the  daylight — 
he  considers  it,  in  a  microscopical  sense,  pure.  The  contents 
of  the  little  cap  may  be  conveniently  examined  as  follows  : — 
By  the  aid  of  a  pipette  one  or  more  drops  are  placed  under 
the  microscope  without  any  preparation,  others  are  div'ided 
■upon  several  slides,  and  treated  with  (1.)  dilute  iodine  solution, 
which  will  colour  starch  cells  blue  ;  (2.)  aniline  violet* — this 
is  par  excellence  the  staining  fluid  for  bacteria;  (3.)  solution 
of  carmine  in  glycerine  and  alcohol,  which  colours  the  nuclei  of 
cells  red.  It  will  be  advisable  to  work  at  first  with  a  low  power, 
so  as  to  get  a  general  idea  of  the  nature  of  the  larger  and  more 
opaque  particles,  and  then  afterwards  investigate  with  the  highest 
powers  which  the  analyst  possesses.  Jn  using  low  powei-s  it  is 
not  well  to  place  any  covering  glass  over  the  drop,  especially  if 
a  binocular  be  employed,  for  the  convexity  intei-feres  in  no  way 
with  the  definition.  The  matters  likely  to  be  found  in  a  water 
residue  are — 


1.  Lifeless  Forms. 

1.  Mineral  Matters,  especially  sand,  clay,  ajid  not  unfrcquently 
fine  S])icula  of  glass  derived  from  the  glass  pipette,  kc. 

2.  Verjetahle  Matters. — -In  shallow  pools,  in  rivers,  reservoirs, 
and,  in  fact,  all  open  waters,  the  microscopist  seldom  fails  to  fiud 
vegetable  debris  in  the  shape  of  dotted  ducts,  spiral  vessels, 
parenchymatous  cells,  bits  of  cuticle  with  the  hair  still  adhering, 
the  down  of  seeds,  roots  of  duckweed,  bits  of  chai'a,  itc.  It 
depends  on  the  amount  as  to  what  conclusions  are  to  be  drawn ; 
but  this  is  certain,  that  a  water  showing  tiicse  matters  is  not 
likely  to  be  from  a  deep  S])ring,  but  one  over  which  the 
atmosphere  more  or  less  freely  j)lays. 

3.  JJead  Animal  Matters — («.)  Purely  Animal,  such  as  hairs 
from  domestic  or  wild  animals,  striped  muscular  tissue,  the 
scales  of  motlis,  butterflies,  or  other  le])idoptcra,  oggs  of  entozoa 
(which,  of  course,  may,  for  aught  we  know,  be  living). 

(6.)  Human  Debris. — ^Human  hair,  human  epithelium. 

(c.)  Manufactured.  Matters. — Wool,  silk,  &c.  All  animal 
matters,  whether  derived  from  ins(!ct,  human,  or  domestic 
animal  life  cannot  be  considered  a  favourable  indication  ;  and 
even  the  presence  of  cotton,  silk,  hemp,  and  the  like,  though 


•  The  common  an'line  violet  ink  answers  very  well. 
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innocnous  in  themselves,  yet  afford  evidence  that  the  water  is  in 
such  a  position  as  to  be  liable  to  accidental  contamination. 

2.  Living  Forms. 

The  lower  forms  of  vegetable  and  animal  life  spring  from  a 
common  point,  so  that  it  is  in  certain  cases  impossible  to  de- 
finitely ascribe  life-forms  to  either  kingdom ;  nevertheless,  it  is 
convenient  to  divide  provisionally  the  microscopic  life-forms  into 
[a.)  vegetable,  (b.)  animal. 

(a.)  Vegetable. — The  most  common  vegetable  forms  are  confervae, 
oscillatoria,  volvocinse,  desmids,  diatoms,  and  bacteria.  To  these 
may  be  added  the  green,  or  sometimes  red,  cells  of  palmellas,  and 
the  moving  reproductive  spores  of  confervoids,  charte,  &c.  All 
of  these,  except  the  bacteria,  diatoms,  and  certain  spores,  are 
distinguished  by  possessing  cells  holding  "chlorophyll,"  and  as 
such,  always  denote  water  which  is  exjDosed  to  daylight. 

Desmids,  beautiful  microscopic  algse,  consisting  always 
of  two  symmetrical  cells,  are  in  colour  remai'kably  green ; 
one  of  the  most  common  is  a  species  of  closterium  (fig. 
50).  Desmids  have  been  referred  to  by  Dr.  Macdonald  as 
rather  indicating  a  good  water.    It  is  true  that  desmids 
occurring  by  themselves,  with  no  other  indication  of 
animal  and  vegetable  life,  could  in  no  way  be  pronounced 
injui'ious.    The  fact,  however,  remains  that,  as  a  result  of 
over  ten  years'  experience  in  the  almost  daily  analysis  of 
Fig.  50.    water,  the  Avriter  has  never  found  desmids  except  in 
moi'e  or  less  surface  supplies  of  water  abounding  with 
impurity.   The  diatoms,  which  are  composed  of  a  siliceous  skeleton 
clothed  by  a  sai-code  substance,  consist,  like  the  desmids,  of  two 
exactly  similar  parts  ;  they  possess  no  chlorophyll,  and 
probably  belong  to  the  animal  Icingdom.    l^ig.  51  is 
Diatom  vulgare,  very  frequently  found,  and 'l^y  itself 
certainly  afibrding  no  indication  of  a  bad  water.  Tn 
fact,  diatoms  generally  are  of  little  imjioi'tance. 

]'>acteria. — This  family  of  late  years  has  excited  a 
most  extraordinary  amount  of  attention  and  investiga- 
tion, from  the  fact  that  certain  forms  of  bacteria  liavc  been  found 
the  invariable  associates  of  some  virulent  diseases,  as,  for  example, 
malignant  pustule.  Bacteria  are  forms  of  extreme  minuteness, 
the  earliest  appearance  being  that  of  points  just  visible  with 
the  highest  powers  of  the  microscope.  Colin  defines  them  as 
chlorophyll-less  cells  of  globular,  oblong,  or  cylindrical  form, 
multiplying  exclusively  through  cell  division,  and  vegetating 
cither  isolated  or  in  families.    Bacteria  occur  in  water,  (1.)  as 
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clouds,  well  seen  if  a  dead  animal  is  allowed  to  putrefy  in  a  salt 
water  aquarium  •  (2.)  as  an  iridescent  film  on  the  surface  of 
water;  (3.)  as  a  pulverulent  precipitate.  The  precipitate,  where 
bacteria  are  plentiful,  may  form  quite  a  layer,  looking  to  tlie 
naked  eye  like  fine  white  clay,  but  consisting  of  heaped  xip 
myriads  of  bacteria.  Bacteria  possess  a  motionless  and  an  active 
condition  ;  the  movements  are  either  those  of  rotation  round  their 
axis,  or  a  passive  bending  and  unbending  of  the  curved  forms. 
They  are  often  in  water  very  difficult  to  observe,  because  their 
index  of  refraction  is  so  like  that  of  water  itself.  The  beautiful 
photographs  which  Dr.  Koch  has  taken  of  various  bacteria*  show 
that  they  are  not  bounded  by  very  definite  lines,  but  that  the 
dark  body  gradually  blends  into  a  gelatinous  border  or  membrane. 
However  difficult  it  is  to  observe  bacteria  when  unstained,  the 
aniline  colours  easily  make  them  visible,  and  then  it  is  at  once 
seen  how  widely  disseminated  they  are.  Dr.  Kochf  recommends 
for  photographic  purjDoses  a  fluid  containing  bacteria  to  be  treated 
thus  :  A  drop  of  the  fluid  is  taken  out  and  placed  on  a  glass  slide, 
and  covered  with  the  usual  thin  covering  glass.  When  the  drop  is 
dry  or  nearly  so,  it  is  remoistened  with  a  solution  of  acetate  of 
potash,  1:3,  and  then,  if  reqitired,  stained  by  an  aniline  brown; 
for  mere  detection  of  bacteria  the  methyl  violet  before  alluded  to 
is  best,  and  one  or  two  minutes  immersion  in  a  watery  solu- 
tion is  suflicient.    CohnJ  divides  bacteria  thus — 

I.  SPHyEROBACTERiA  {/vvfjelbaclerien),  minute  jostling  spheres. 
The  cells  are  of  an  oval  form,  the  dark  body  passes  into  the 
continuous  membrane,  and  is  not  to  be  well  separated  from  it  ; 
they  occur  in  short  chains  or  groups  of  3,  4,  and  8.§  To  this 
division  belong  the  ferment-producing  (zj/mor/enous)  bacteria,  as, 
for  example.  Micrococcus  urea'.,  always  found  wlierever  there  is 
ammoniacal  putrefaction.  Another  group  is  the  Chromogenous, 
or  colour-producing,  as  the  M.  2^'odigiosus,  or  blood-stain  on 
bread,  AI.  violaceous,  discovered  on  slices  of  boiled  ])otatoes, 
and  many  others.  Another  important  subdivision  is  tlie 
^'  FatJioganous,"  or  disease-producing,  e.g.,  M.  diphtherici,\\  M. 
vaccinnice,  &c. 

II.  MiCROBACTERiA   (Sidbchenhacterten.) — Miiiutc  short  rods. 

*  "  Untersucluingcn  iibcr  Ijacterieii  ;  Vcrfahrcii  zur  Untcrsiiehuiig,  zum 
Conscrvircii  ii.  ^lloto^rrapllircn  dor  P.acfccricn,  von  Dr.  Koch.  l)citrairc  zm- 
liiologio  dor  I'llan/cii."    ijrealaii,  1877.  t  <)/>  cit. 

X  "  Untersticluuignn  iibcr  Baetericii,  von  Dr.  Ferdinand  Colin.  ]'citrii,cro 
zur  BioIoc;ic  dcr  Pllanzen."    Brcslau,  ]87'2.  ^ 

§  Pasteur  calls  single  bacteria  "monmh,"  wlicn  in  gelatinous  masses 
" mycode.rma.'"    [(John's  "  Zooglca."] 

II  Ocrtcl :  E,xperimentcllc  Untcrsuchungon  iibcr  Diplitheric.  Dculnchc 
Archiv/iir  KUnkchc  Medizln.    I'and  vii.,  1871. 
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This  second  class  is  separated  from  the  first  by  their  physiological 
activity,  by  their  sliort  cylindrical  form,  and  the  spontaneous 
movement  of  the  cell.  B.  termo  is  par  excellence  the  bacteria  of 
putrefaction,  and  is  the  little  organism  to  be  found  whenever  and 
wherever  any  animal  substance  decays.  The  bacteria  nearly  always 
occur  in  pairs  or  dividing ;  they  consist  of  very  minute,  little, 
short,  cylindrical  masses,  either  clear  and  transparent  or  blackish ; 
there  is  a  rather  thick  surrounding  membrane.  B.  lineola, 
another  member  of  this  family,  is  larger,  and  is  found  in  brooks 
and  standing  water  ;  the  cells  are  four  times  longer  than  broad, 
and  have  a  strong  refracting  fatty  nucleus. 

III.  Dksmobacteria  (i'Vic^eJiiacfej'ZOT). — Thread  or  filament-like 
bacteria.  The  bacteria  are  in  the  shape  of  threads,  some  of  them 
of  great  length.    B.  anthracis  Cohn  puts  in  this  class. 

IV.  Spirobacteria  [Schrauhenhacterien). — Spiral  or  screw-like 
filaments.  This  class  includes  vibrios  and  various  species  of 
spirillum. 

The  universal  presence  of  bacteria,  especially  of  the  more 
common  kinds,  must  render  the  raicroscopist  cautious  about 
conclusions,  if  he  finds  a  memher  or  so  in  water.  If,  however, 
water  contains  them  in  sufficient  quantity  to  be  a  marked  or 
tmusual  featiire,  such  a  water  should  be  emphatically  condemned. 

(6.)  A7iimcd  Forms. — Without  taking  into  consideration  various 
water  insects  which  can  be  seen  with  the  naked  eye  {e.g.,  water 
fleas),  but  confining  the  attention  solely  to  the  microscopic  forms  of 
life,  there  is  such  an  inexhaustible  variety  of  the  latter  that  it 
takes  a  special  study  to  ascribe  to  each  form  its  particular  species ; 
fortunately,  this  to  the  analyst  is  not  necessary,  and  it  may  at 
once  be  laid  down  that  if  the  deposit  from  a  reasonable  quantity 
of  water  (for  example,  a  gallon)  exhibits  forms  of  infusorial  life, 
the  water  cannot  be  pure.  For  although  from  all  natural  water, 
if  a  sufficient  bulk  be  taken,  it  is  possible  to  extract  life-forms, 
yet  all  good  drinking-water  is  devoid  of  such  when  moderate 
quantities  are  taken  for  the  search.  There  are,  however,  certain 
animalcules  (types  of  which  are  figured)  that  specially  point  to 
sewage  contamination.  This  class  havebeen  called  "saphrophiles."* 
They  include  most  ciliated  forms,  such  as  paramecium,  (fig.  52,6), 
glaucoma,  as  well  as  vorticella  (fig.  52,1),  amoeba  (fig.  52,8),  and 
others.  It  will  not  be  necessary  to  use  any  special  coloui'ing- 
agents  to  see  infusoria,  for  they  are  quite  sufficiently  visible 
without  any  special  reagent.  M.  A.  Certes  has,  however,  found 
out  a  colouring-matter  which  concentrates  itself  in  certain  parts 
of  living  infusoria,  and  may,  therefore,  be  of  some  utility;  this 

_  *  Under  the  saphrophiles  belong  all  vegetable  fungi,  e.g.,  lei^totbrj'x  and 
infuaoria  thriving  in  tilth. 
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reagent  is  quinoleine  or  cyanine,  and  it  appears  chiefly  to  colour 
the  fatty  parts  of  the  protoplasm.    He  considers  it  a  reagent  for 


living  fat.* 


Ki-  .52. 

1.  Colony  of  Vorticella      2.  Oxytricl.a   lingua.     .S.  Pcllionclla.  4 
Gkuconfa  scintillaus.    .5.  Glaucoma  (Jibba.    (1.  I'arama-ciuin  anrolia  ?' 
Parama?cium  caudatum.    8.  Amo'ba.    !).  Chilodcn.  '  " 
^  Cnmplm  l}fr.(hi.i,  xcii.  AlVi. 
    3fi 
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B.  Cultivation  of  Germs,  Fungi,  etc. — If  a  bottle  of  water  carefully 
corked,  and  placed  at  a  fermentation-temperature  20°  to  24°, 
contain  any  putrescent  matter,  the  water  acquires  a  disagreeable 
smell,  and  when  examined  microscopically  swarms  with  B.  tervio 
or  other  forms  of  low  life.  This  simple  test  anyone  can  make  for 
himself,  and  it  is  perhaps  too  much  neglected.  The  best  way 
to  examine  water  thus  fermented  is  to  place  a  quantity  of  it  in 
the  special  tube  figured  at  p.  540 ;  and,  after  adding  a  few 
drops  of  a  1  per  cent,  solution  of  osmic  acid,  to  allow  it  to  stand 
for  some  houi'S,  then  collect  the  sediment  in  the  cap  for  micro- 
scopical examination,  after  the  addition  of  methyl  violet  and 
other  staining  reagents.  The  osmic  acid  kills  the  life-forms,  and 
they  gradually  sink  to  the  bottom. 

Heisch's  Sugar  Test. — Another  fermentation  method  now  much 
in  use  among  analysts,  is  simply  the  addition  of  sugar  to  the 
water  under  examination,  when,  if  the  water  contains  the  merest 
trace  of  sewage,  a  special  fungus  develops.  The  details  of  the 
test  are  as  follows : — 

A  clean  stoppered  bottle,  of  any  convenient  size,  is  filled  with 
the  water,  and  a  few  grains  of  pure  white  sugar  added.  The 
bottle  is  now  to  be  carefully  stoppered,  and  placed  at  a  fermen- 
tation temperature  (26°  to  27°).  The'growth  of  the  fungus  is 
rapid;  at  first  small  cells  with  a  bright  nucleus  appear,  changing 
Avithin  six  hours  to  moniliform  threads,  and  finally  to  cells 
mixed  Avith  mycelium.  To  trace  the  stages  of  the  growth,  it 
will  be  necessary  to  examine  from  time  to  time  the  liquid  by  the 
microscope;  but  the  coarser  changes  may  be  watched  with  the 
naked  eye:  any  water  decidedly  contaminated  by  sewage  becomes 
quite  turbid  with  the  fungus  in  about  twelve  hours. 

C.  Experimejits  on  Animals  and  Human  Beings. — The  biological 
examination  of  water  embraces  actual  experiment  on  animals. 
Concentrated  alcoholic,  ethereal,  or  aqueous  extracts  of  the  water 
residue  are  injected  by  a  fine  syringe  subcutaneously  into  small 
animals.  From  this  important  and  direct  method  much  may 
be  hoped.  A  few  experiments  of  the  kind  have  been  performed 
on  the  Continent ;  but  in  England,  although  foxes  may  be  dug 
out  to  be  eaten  alive  by  hounds,  and  ratcatchers  may  poison 
rats  by  the  gross,  scientific  men  are  unable,  save  under  practically 
prohibitory  restrictions,  to  advance  biological  science  by  the  only 
satisfactory  way,  the  use  as  a  reagent  for  obscure  poisons  of 
life  itself. 

Experiments  upon  human  beings  are  made  necessarily  daily, 
and  on  enormous  masses  of  population.  It  is  a  kind  of  evidence 
that  is  most  easily  obtained,  and  nothing  is  more  clearly  proved 
than  the  fact,  that  a  large  population  may  drink  a  sewage-polluted 
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water  with  the  utmost  impunity,  under  certain  conditions.  A 
few  yeai's  ago  the  author  proved  that  a  town  in  Somersetshire 
had  drunk  a  water-supply  from  shallow  wells  which  was  nothing 
more  nor  less  than  dilute  sewage;  and  yet  the  death-rates  from 
fever,  from  dysentei'v,  and  all  other  diseases  supposed  (and 
rightly  supposed)  to  be  propagated  by  water,  wei"e  remarkably 
low  in  comparison  with  places  drinking  a  pure  water.  Here, 
then,  was  an  experiment  ready  made  on  more  than  a  thousand 
persons,  and  tbe  negative  results  recorded  for  the  best  part 
of  a  centuiy.  It  proved  that  under  ordinary  conditions  the 
water  was  harmless,  and  yet  what  chemist  could  pass  such  'I 
The  colour,  taste,  and  smell,  as  well  as  the  organic  carbon, 
nitrogen,  and  microscopical  characters,  all  combined  to  show 
that  the  characters  of  the  supply  were  of  great  impurity;  on  the 
other  hand,  water  of  very  moderate  impurity,  as  sliown  by 
ordinary  chemical  and  microscopical  investigation,  has  many 
times  been  as  fatal  as  a  solution  of  some  subtle  poison.  These, 
as  it  were,  unconscious  experiments  continuously  proceeding  in 
towns,  in  villages,  and  in  solitary  homes,  demand  the  closest  study; 
and  suclx  a  study  will  in  years  to  come  make  clear  the  apparent  dis- 
crepancy often  existing  between  chemical  and  biological  analysis. 
Possibly  the  conclusion  already  shadowed  forth  is  this: — water, 
however  polluted  by  healthy  human  or  animal  sewage,  nasty  and 
abominable  liquid  as  it  may  be,  will  j^roduce  no  disease;  water  in- 
fected with  the  excretions  from  diseased  natures  will  cause  disease. 

Since,  however,  at  the  present  time  we  cannot  difi'erentiate 
between  those  excrementitious  nuittei-s  which  cause  disease, 
and  those  which  do  not  cause  disease,  it  is  clearly  safest  to 
condemn  as  a  supply  a  liquid  which  has  been  proved  to  be 
contaminated  by  a  something,  wliich,  for  aught  we  know,  contains 
tlie  seed  of  typhoid  fever  or  of  cholera. 

D.  Experiments  on  Fish. — It  is  in  some  instances  extremely  use- 
ful to  study  the  eftects  of  water  upon  living  fish,  especially  in 
those  cases  in  which  there  luis  been  raised  the  question  of 
whether  a  river  or  stream  is  polluted  to  such  an  extent  as  to 
<lestroy  the  fish  in  the  stream.  In  experimenting  as  to  whether 
a  c/jvon  water  will  support  iisli,  it  is  essential  to  select  healthy 
fish  fish  suitable  for  tlie  ex])oriment,  and  to  let  the  experiment 
<to  on  for  as  long  as  possible.  The  best  fish  are  the  gold  fish 
und  the  minnow,  one  or  both.  These  can  in  towns  be  always 
i)urchased,  and  there  is  scarcely  any  country  place  in  England 
in  which  minnows  are  not  jirocurable.  IJesides,  more  is  known 
US  to  the  action  of  impurities  on  these  fish,  tiian  on  any  other. 
The  substances  destructive  to  fish-life  may  be  arranged  in  regard 
to  tiieir  power  of  destruction  in  four  cla.sscs :  — 
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1.  Sulpbate  of  copper,  the  mineral  acids  ;  the  sulphates  of 
alum  and  iron,  iodine,  bromine,  caustic  potash  or  soda ;  the 
chlorides  of  tin,  the  heavy  and  light  pitch  oils,  saturated  solution 
of  chloride  of  lime,  and  carbolic  acid.  These  all  destroy  minnow 
life  when  contained  in  solution  in  so  small  a  quantity  as  from 
1  :  10,000,  and  some  of  them  from  1  :  100,000. 

2.  The  next  in  order  of  destroying-power  are  such  as  garancine, 
madder,  sumach,  catechu,  acetic  acid,  citric  acid,  arsenious  acid, 
gallic  acid.  These  are  all  fatal  when  existing  in  the  proportion 
of  from  1  :  7000  of  water,  to  from  1  :3500. 

3.  The  least  destructive,  but  yet  poisonous,  agents  are  tartaric 
acid,  salts  of  soda  and  potash,  hydrate  of  lime,  ammonia,  bisul- 
phide of  carbon,  sulphide  of  ammonium,  sulphuretted  hydrogen, 
foundry  cake,  furnace  cinders,  bleaching  liquor. 

4.  Lastly  come  substances  which  are  not  directly  poisonous, 
but  induce  a  lowered  vitality  of  the  fish,  so  that  it  becomes 
attacked  with  a  fungous  growth. 

The  author  found  that  a  residue  from  gas-works,  consisting  of 
phenol  and  a  mixture  of  hydrocarbons,  though  in  less  than  1  part 
per  10,000  of  water,  yet  indiiced  the  gi'owth  of  a  fungus  in  the 
course  of  a  few  days  on  minnows,  dace,  roach,  and  rudd.  The 
experiment  was  repeated  many  times,  and  always  with  the  same 
result. 

Organic  matters,  such  as  blood  and  urine,  must  be  in  a  state  of 
decomposition,  and  in  such  considerable  quantities,  that  they 
deprive  the  water  of  oxygen  before  the  fish  are  affected.  ]\Iany 
oils  appear  to  have  no  injurious  effect  on  fish,  as,  for  example, 
linseed  and  olive  oil. 

Symptoms. — In  solutions  that  are  not  only  poisonous,  but  also 
irritating  to  the  surface  of  the  body,  the  fish  make  frantic  efforts 
to  escape,  and  will  often  jump  out  of  the  water,  rising  to  a  con- 
siderable height.  In  solutions  of  poisonous  substances  generallj', 
the  symptoms  to  be  looked  for  are  :  projection  of  the  eyes,  the 
frequent  rising  to  the  surface  to  breathe,  loss  of  natural  balance, 
disordered  movements,  loss  of  agility,  especially  the  allowing  of 
little  masses  of  food  to  pass  by  unobserved,  and,  lastly,  lying  on 
the  side  at  the  top  of  the  water. 

§  321.  Interpretation  of  Results. — On  many  samples  of  water  it 
takes  some  experience  to  give  a  i-eally  correct  judgment,  and  it 
must  ever  be  borne  in  mind  that  it  is  most  unsafe  to  trust  to  an 
estimation  of  one  or  two  constituents  only.  The  report  must  be 
based  upon  a  valuation  of  all  tlio  determinations,  and  a  careful 
consideration  of  the  general  tendency  of  evidence.  Great  assist- 
ance will  be  derived  in  this  by  the  aid  of  a  scale  by  which  a 
definite  numerical  value  is  assigned  to  the  component  parts  of  an 
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analysis.  Such  a  scale  has  been  invented  by  Mr.  Wigner,  and  is 
now  in  provisional  use  by  analysts. 

§  322.  Valuation  of  Water  according  to  Mr.  Wigner's  Scale. — In 
this  scale,  every  constituent  of  the  water  as  analysed  by  the 
Forchammer  and  ammonia  processes  has  a  definite  value  attached 
to  it,  and  these  values  added  together  make  the  value  of  the 
■water.  It  has  been  objected  to  the  use  of  such  a  scale,  that  unless 
the  history  of  the  water  is  known,  veiy  erroneous  conclusions 
may  be  drawn,  and  indeed  it  may  be  admitted  that  the  scale  is 
of  for  greater  use  in  reports  upon  waters  like  the  metropolitan, 
which  are  analysed  from  day  to  day  throughout  the  year,  than 
when  operating  on  unknown  samples.  N evex'theless,  there  has 
always  been  a  want  of  some  definite  expression  of  value,  and  as 
the  scale  is  confessedly  only  a  provisional  one,  the  present  wi-iter 
thinks  that  it  may  be  used  generally  with  caution  and  dis- 
crimination. 

The  scale  is  as  follows  : — 


Appearance  in  2-ft.  tube. 

Colour,  blue,    ......  0 

,,      pale  yellow,     .....  2 

green,.            .          .          .           .          .  2 

,,      dark  yellow,    .....  4 

,,      dark  green,      .....  4 

Suspended  matter  to  be  added  to  valuation  of  appearance. 

For  traces,       ......  1 

,,  heavy  traces,         ....  .2 

,,  turbiditj%   ......  4 

Smell  when  heated  to  100"  F. 

Vegetable  matter,        .....  1 

Strong  peaty,    ......  2 

Offensive,  of  animal  matter,     ....  4 

Chlorine  in  Chlorides,  .          .          .          .          .     'o  grs.  per  gal.  =  1 

Phosphoric  acid  as  Phosphates. 

Traces,  =  2  h.  traces  =  4  v.  h.  traces  =  8 

Nitrogea  in  Nitrates,    ....              "100  gr.  per  gal.  =  1 

Ammonia,        .....              '005  gr.      ,,  =  1 

Albuminoid  Ammonia,            .          .          .              '001  gr.      ,,  =  1 

Oxygen  ab.sorbcd  in  15  minutes  at  80°  Fahr.,  .              •002  gr.     ,,  =  1 

„            4  hours        „       „      .             -010  gr.      ,,  =  1 

Hardness  before  and  after  boiling  added  together,     .          .            5"  =  1 

Total  Solid  Matter,      .          .          .          .          .      .5  grs.  per  gal.  =  1 

Heavy  Metals,  ......            S.  traces  =  6 

 H.    „  =12 

Microscoi)ical  results. 

Vegetable  dubrin  in  small  ((uantity,     ...  4 

,,           „        large       ,,           .          .          .  8 

Diatoms  and  Bacteria  in  small  quantity,        .          .  6 


>.  largo       „  .  .  12 

Hairs,  and  animal  ilrhrin,  11)  to  20,  according  to  the  quantity 
observed. 
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The  following  table  gives  the  chemical  results  of  the  several 
monthly  analyses  of  the  Grand  Junction  water  by  the  author, 
with  the  values  according  to  the  scale  attached.  The  microsco- 
pical observations  are  omitted,  because  they  were  for  the  most 
part  negative,  and  the  chemical  determinations  being  more  easily 
followed  will  serve  as  a  better  example.  The  diagrani  is  a 
graphical  representation  of  the  purity  of  the  water  according  to 
the  scale  value.  It  will  be  admitted  that  on  no  other  principle 
could  the  purity  of  a  water  be  depicted  by  a  single  curve  : — 


Jan.  Feb.  Slav.  Apr.  .May.  Jn.  July.  Aur.  Sep.  Oct.  Nov.  Dec. 


Fig.  53. 
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According  to  Mr.  Wigner,  a  water  which  only  values  15  is  an 
extremely  pure  water.  The  limit  of  a  first-class  water  would 
be  about  40,  of  a  second-class  water,  65 ;  anything  beyond  65 
would  be  a  third-class  water. 

The  scale  at  present  gives  no  values  for  organic  carbon  or 
organic  nitrogen ;  it  will,  therefore,  be  necessary  to  discuss 
briefly  the  limits  within  which  organic  carbon  and  organic 
nitrogen  fall  in  good  waters.  With  regard  to  these  elements 
Dr.  Frankland  is  the  chemist  who  is  most  entitled  to  speak 
with  authority.  He  considers  that  some  importance  should  be 
attached,  not  only  to  the  gross  amount  of  carbon  and  nitrogen, 
but  also  to  the  relative  proportion  they  bear  to  one  another, 
and  this  especially  with  regard  to  surface  waters.  In  deep 
springs  the  limit  of  organic  carbon  should  be  about  "1  in  100,000, 
the  amount  actually  found  ranging  from  "02  to  •!  in  100,000  of 
water.  In  spring  water  the  ratio  of  C  :  N  varies  from  2  : 1  to 
6  :  1,  with  an  average  of  about  2  :  1.  Surface  water  derived 
from  cultivated  land,  containing  C  :  N  below  the  proportion  of 
6:1.  and  having  more  than  '3  part  of  carbon  in  100,000,  with 
these  data  supported  by  other  indications,  should  be  condemned 
as  unfit  for  dietetic  purposes.  In  surface  water,  if  carbon  is 
to  nitrogen  as  3  :  1,  the  organic  matter  is  of  animal  origin;  if  it 
be  as  high  as  8  :  1,  it  is  chiefly,  if  not  exclusively,  of  vegetable 
origin.  The  content  of  organic  elements  in  sewage,  of  course, 
varies  according  to  its  state  of  dilution ;  but  it  usually  averages 
from  four  to  five  parts  of  carbon  per  100,000,  and  from  one  to 
two  parts  of  nitrogen  per  100,000.  Dr.  Frankland  divides 
waters  into  two  sections,  according  to  the  results  of  a  combustion. 

Section  I. — Upland  Surface  Water. 

Class  I. — Water  of  great  organic  purity,  containing  a  portion 
of  organic  elements  (organic  carbon  and  organic  nitrogen),  not 
exceeding  0'2  part  in  100,000  parts  of  water. 

Class  II. — Water  of  medium  purity,  containing  from  0'2  to 
0'4  part  of  organic  elements  in  100,000. 

Class  III. — Water  of  doubtful  purity,  containing  from  04  to 
0-6  part  of  organic  elements  in  100,000. 

Class  IV. — Impure  water,  containing  more  than  0"6  part  of 
organic  elements  in  100,000. 

Section  II. — Water  other  than  Upland  Surface. 

Class  I. — Water  of  great  organic  purity,  containing  a  propor- 
tion  of  organic  elements  not  exceeding  O'l  part  in  100,000. 
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Class  II. — Water  of  medium  purity,  containing  from  O'l  to 
0-2  part  of  organic  elements  in  100,000. 

Class  III.— Water  of  doubtful  purity,  containing  from  0-2  to 
0'4  part  of  organic  elements  in  100,000. 

Class  IV. — Impure  water,  containing  upwards  of  0-4:  part  of 
organic  elements  in  100,000. 


APPENDIX  TO  WATER  ANALYSIS. 

Standard  Solutions  and  reagents  &c..  Alphabetically 

Arranged. 

Parts  by  Weight :  Liquids  by  Measure. 

§323.  Amvionium  Chloride. — Ammonium  chloride,  -3146  part; 
pure  water,  1000  parts ;  dissolve.  1  cc.  contains  -00001  grm.  of 
ammonia,  or  10  grains  contain  -0001  grain. 

Calcic  Chloride  Solution. — Iceland  spar,  or  other  pure  form  of 
calcic  carbonate,  '2  part.  Hydrochloric  acid,  q.  s. ;  water,  1000 
parts.  The  calcic  carbonate  is  converted  into  chloride  by  evapo- 
rating to  dryness  with  pure  dilute  hydrochloric  acid,  and  the 
calcic  chloride  thus  obtained  is  dissolved  in  water.  The  deter- 
mination of  hardness  is  usually  made  by  English  chemists  in 
grains  per  gallon ;  then  the  following  are  the  proportions — 
Calcium  carbonate  8  grains;  fully  convert  by  dilute  hydrochloric 
acid,  evaporate  to  dryness,  dissolve  in  water,  and  make  up  to 
one-tenth  of  a  gallon ;  dilute  ten  times  its  volume,  and  the  result 
is  water  of  8°. 

Copper  Sulphate. — Sulphate  of  copper  30  parts,  pu.rc  water 
1000  parts;  dissolve. 

Ferrous  Chloride  Solution. — A  solution  of  pure  ferrous  sulphate 
is  precipitated  with  sodic  hydrate,  and  washed  tlioroughly  with 
pure  water,  and  then  dissolved  in  the  smallest  possible  quantity 
of  pure  hydrochloric  acid. 

M eta-phenylenediamine. — Meta-phenylenediamine  5  parts,  water 
1000  i^arts,  sulphuric  acid,  q.  s.  Tliu  base  is  dissolved  in  the 
water,  and  then  slightly  supersaturated  witli  sulphuric  acid. 

M eta-phosphoric  Acid. — Meta-phos])horic  acid  100  parts,  made 
up  to  1000  with  distilled  water;  10  parts  should  contain  no 
appreciable  amount  of  ammonia. 

Molybdic  Solution. — Molybdic  acid,  1  part ;  solution  of  ammonia, 
specific  gravity  -900,  4  parts;  nitric  acid,  1-20  specific  gravity, 
10  parts.  The  molybdic  acid  is  di.ssolvod  in  the  ammonia, 
filtered,  and  ])ourcd  with  constant  stirring  into  the  nitric  acid. 
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It  should  be  kept  in.  the  dark,  and  freed  by  decantation  from 
any  precipitate  which  may  form. 

Nessler  Solution. — 35  parts  of  potassium  iodide  are  dissolved 
in.  100  parts  of  water;  17  parts  of  mercuric  chloride  are  boiled 
in  300  parts  of  water,  and  then  cooled.  The  mercuric  sohition 
is  added  to  the  potassium  iodide,  little  by  little,  until  a  permanent 
precipitate  is  produced.  The  liquid  is  now  made  up  to  1000 
parts  with  a  solution  of  sodic  hydrate  of  20  per  cent,  strength. 
Lastly,  the  reagent  is  made  more  sensitive  by  the  final  addition 
of  a  little  more  of  the  mercuric  chloride  solution,  until  a  perma- 
nent precipitate  begins  to  foi-m.  The  solution  is  put  on  one 
side  to  deposit,  and  the  clear  liquid  decanted  for  use.  It  is 
best  to  keep  that  intended  for  use  in  a  small  bottle,  while  the 
larger  stock  is  carefully  stoppered  down. 

Palladium  Solution. — Palladium,  '1  part  is  dissolved  in  uitro- 
hydrochloric  acid,  and  evaporated  to  dryness  at  100°,  50  pai'ts  of 
hydrochloi-ic  are  added,  and  2000  of  water,  ultimately  making 
the  bulk  up  to  2,370  parts. 

Potassium  Iodide  Solution. — (a.)  Potassium  iodide  1  part  in  10 
of  water,  for  use  in  the  oxygen  or  Forchammer  process. 

(b.)  Potassium  iodide  1,  water  100,000,  for  use  in  the  volu- 
metrical  estimation  of  iodine. 

Potassium  Monochromate. — Potassium  monochromate  50  parts, 
dissolved  in  1000  parts  of  distilled  water.  To  ensure  absence  of 
chlorides  it  is  recommended  to  add  a  little  nitrate  of  silver  until 
a  permanent  red  ^precipitate  forms,  which  is  allowed  to  settle,  and 
the  clear  solution  used. 

Potassium  Permanganate. — (a.)  Alkaline — Potassium  perman- 
ganate 8  parts  ;  jpotassiiim  hydrate  200  parts  ;  distilled  water 
1100  parts.  The  solution  is  boiled  rapidly  down  to  1000  parts, 
and  kept  in  properly  stoppered  bottles. 

(b.)  Standard  Volumetric  Solution  for  Oxygen  Process — "SOo  part 
of  potassic  permanganate  is  dissolved  in  1000  of  water.  Each 
cc.  contains  -0001  gramme  of  available  oxygen,  and  each  one 
grain  contains  -0001  grain. 

Silver  Nitrate,  Standard  Solution  of. — 4-7887  parts  of  silver 
nitrate  are  dissolved  in  pare  water,  and  made  up  to  1000  parts. 
The  solution  may  be  standardised,  if  necessary,  by  the  sodium 
chloride  solution,  1  cc.  -  -001  grm.  chlorine  ;  10  grains  -  -01  grain 
chlorine. 

Soaj),  Standard  Solution  of. — 150  parts  of  lead  plaster  are 
triturated  in  a  mortar  with  40  parts  of  dry  potassic  carbonate, 
and  made  into  a  cream  with  the  addition  of  absolute  alcohol ; 
when  dissolved,  filter,  and  by  the  addition  of  water  reduce  the 
alcoholic  strength  to  that  of  proof  spirit.    The  solution  of  soaiJ 
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is  then  reduced  to  the  proper  strength  by  proof  spirit.  If  work- 
ing in  cc.  and  grms.  it  should  be  of  such  a  strength  that  14-25 
cc.  arerequii-ed  to  form  a  pei-manent  lather  with  50  cc.  of  the  calcic 
chloride  solution  ;  if  working  in  grains,  then  it  will  be  most 
convenient  to  make  it  of  that  strength  that  it  just  forms  a  perma- 
nent lather  when  180  grain  measures  are  shaken  with  1000  grain 
measures  of  the  standard  calcic  solution,  equalling  water  of  8  . 

Sodmm  Chloride  Solution  1-648  parts  of  pure  sodium  chloride 

are  dissolved  in  watei-,  and  the  solution  made  up  to  1000  parts. 
Pure  sodium  chloride  can  be  obtained  by  passing  through  a 
saturated  solution  of  commercial  sodic  chloride  hydrochloric  acid 
gas  j  a  precipitate  of  pure  sodic  chloride  falls,  which  may  be 
collected,  and  dried  in  the  hot  air  oven  at  260°  to  300°.  Each  cc. 
contains  -001  grm.  chlorine,  or  each  grain  contains  -001  grain 
chlorine. 

Sodium  Hydrate,  Solution  for  Estimation  of  Nitrates. —  5G  parts  of 
juetallic  sodium  are  dissolved  little  by  little  in  1000  parts  of  water. 

Sodic  Hyposulphite. — One  part  of  crystallised  sodium  hypo- 
sulphite in  1000  parts  of  water. 

Sodic  Nitrite  Solution. — -406  part  of  silver  nitrite  is  dissolved 
in  a  little  distilled  water,  and  pure  sodic  chloride  is  added  until 
no  more  argentic  chloride  is  thrown  down.  Dihite  with  water 
to  1000  parts.  Allow  to  settle.  Then  of  the  clear  solution  take 
100  parts,  and  dilute  to  1000  ;  1  cc.  equals  -00001  grm.  of  N^Og  ; 
similarly  each  10  grains  equals  -0001  grain. 

Starch  Solution. — 1  part  of  starch  is  rubbed  up  with  20  parts 
of  boiling  water.  The  liquid  is  filtered,  boiled,  and  after  being 
allowed  to  stand  for  twenty-four  hoiirs,  the  clear  liquid  is 
.syphoned  off. 

TABLE  LV.,  FOR  Hardness  in  Grain  Measures  (Page  327). 
Dngrees  of  Hardness.                           Grain  Measures. 
Distilled  Water  =  0  9 


]. 

2 

4. 

o. 

(5. 

7. 

8. 

9. 
10. 
II. 
12. 
13. 
14. 
15. 
IG. 


29 
i54 
77 
99 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 


556 


FOODS:  THEIR  COMPOSITION  AND  ANALYSIS. 


[§  323. 


TABLE  LVL— Or  Hardness  in  Parts  per  100,000— 
50  cc.  OF  Water  Used. 


cc.  of 
Soap 
Solution 

CaCOs 

per 
100,000. 

cc.  of 
Soap 
Solution 



CaCOs 

per 
100,000. 

cc.  of 
Soap 
Solution 

CaCOs 

per 
100,000. 

cc.  of 
Soap 
Solution 

CaCOs 

per 
100,000. 

•7 

•00 

4-6 

5-43 

8 '5 

11^05 

12'3 

•8 

•16 

•7 

•57 

•6 

•20 

•4 

17 '06 

•9 

•32 

■8 

•71 

•7 

"35 

•5 

•22 

1"0 

•48 

•9 

•86 

•8 

•6 

•38 

•1 

■63 

5'0 

6-00 

•9 

•65 

•7 

•54 

•2 

•79 

■\ 

•14 

9  0 

•8 

•70 

•3 

•95 

•2 

■29 

•  1 

•g 

■86 

•4 

1-11 

•3 

•43 

■2 

12"11 

13-0 

18-02 

•5 

•27 

•4 

•57 

■3 

•2fi 

•1 

X  1 

•6 

•43 

•5 

•71 

•4 

•41 

■2 

•33 

•7 

•56 

•6 

•86 

•5 

•3 

•49 

•8 

•69 

•7 

• 

7"00 

•6 

•71 

•4 

•65 

•9 

•82 

•8 

•14 

•7 

* 

•86 

•5 

•81 

OX 

2-0 

•95 

•9 

•29 

'8 

13  01 

•fi 

•97 

•1 

2-08 

6  0 

•43 

•9 

•16 

•7 

19^13 

•2 

•21 

•1 

•57 

10  0 

•31 

•8 

•29 

•3 

•34 

•2 

•71 

•  1 

•46 

•g 

•44 

■4 

•47 

•3 

•86 

•2 

•61 

14-0 

•60 

■5 

•60 

•4 

8-00 

•3 

/  u 

•X 

•7fi 

•6 

.no 

•5 

■14 

•4 

•Ql 

•2 

•92 

•7 

"86 

6 

■29 

•5 

14-06 

•3 

20  •OS 

•8 

■99 

•7 

■43 

•6 

•21 

•4 

•24 

V 

3"12 

•g 

•57 

•7 

•37 

■5 

'40 

3-0 

■25 

•9 

•71 

•8 

•52 

•6 

•56 

•1 

•38 

7-0 

•86 

•9 

•6S 

•7 

'71 

*2 

•I 

9-00 

if  \J\J 

11  -0 

Ci 

o 

o  < 

o 

•fi4. 

•2 

•14 

•1 

91  '0^ 

•4. 

/  i 

■3 

•29 

•2 

15-0 

'19 

X£F 

•5 

■90 

•4 

•43 

■3 

•32 

•1 

•35 

•6 

4  03 

•5 

•57 

■4 

•48 

•2 

•51 

•7 

■16 

■6 

•71 

■5 

•63 

•3 

•68 

•8 

■29 

■7 

•86 

■6 

•79 

•4 

•85 

•9 

•43 

•8 

10^00 

•7 

•95 

•5 

22^02 

4  0 

•57 

•9 

•15 

■8 

1611 

•6 

•18 

•1 

•71 

8-0 

■30 

■9 

•27 

•7 

•35 

•2 

•86 

•1 

•45 

12-0 

•43 

■8 

■52 

•3 

5  00 

•2 

•60 

■1 

■59 

■9 

•69 

•4 

•14 

•3 

•75 

•2 

•75 

160 

•86 

•5 

•29 

•4 

•90 
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TABLE  LVn. — Eedttction  of  Cubic  Centimetres  of  Nitrogen 

TO  Grammes. 

0 '0012562 

loff. /I  ,  n  nMt-n  \760  for  each  tenth  of  a  degree  from  0°  to  30°  C. 
°  (1  +  0  00367  ) 


cc. 

1 

0  0 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

0 

6-21824 

808 

793 

777 



761 

745 

729 

713 

697 

681 

1 

665 

649 

633 

617 

601 

586 

570 

554 

538 

522 

2 

507 

491 

475 

459 

443 

427 

412 

396 

380 

364 

3 

349 

333 

318 

302 

286 

270 

255 

239 

223 

208 

4 

192 

177 

161 

145 

130 

114 

098 

083 

067 

051 

5 

035 

020 

004 

*9S9 

*973 

*957 

*942 

*926 

*911 

*895 

6 

6 '20879 

864 

848 

833 

817 

801 

786 

770 

755 

739 

7 

723 

708 

692 

676 

661 

645 

629 

614 

598 

583 

8 

567 

552 

536 

521 

505 

490 

474 

459 

443 

428 

9 

413 

397 

382 

366 

351 

335 

320 

304 

289 

274 

10 

259 

244 

228 

213 

198 

182 

167 

151 

136 

121 

11 

106 

090 

075 

060 

045 

029 

014 

*999 

*984 

*969 

12 

6  19953 

938 

923 

907 

892 

877 

862 

846 

831 

816 

13 

800 

785 

770 

755 

740 

724 

709 

694 

679 

664 

14 

648 

633 

618 

603 

588 

573 

558 

543 

528 

513 

15 

497 

482 

467 

452 

437 

422 

407 

392 

377 

362 

16 

346 

331 

316 

301 

286 

271 

256 

241 

226 

211 

17 

196 

181 

166 

151 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

001 

*986 

*971 

»/  /  A. 

*956 

*941 

*926 

*911 

19 

6-18897 

882 

867 

852 

837 

822 

807 

792 

777 

762 

20 

748 

733 

718 

703 

688 

673 

659 

644 

629 

614 

21 

600 

585 

570 

555 

540 

526 

511 

496 

481 

466 

22 

452 

437 

422 

408 

393 

378 

363 

349 

334 

319 

23 

305 

290 

275 

261 

246 

231 

216 

202 

187 

172 

24 

158 

143 

128 

114 

099 

084 

070 

055 

041 

026 

25 

012 

*997 

*982 

*968 

*953 

*938 

*924 

*909 

*S95 

*880 

26 

6-17866 

851 

837 

822 

808 

793 

779 

764 

750 

7.35 

27 

721 

706 

692 

677 

063 

648 

6.34 

619 

605 

590 

28 

576 

5G1 

547 

532 

518 

503 

489 

475 

460 

446 

29 

432 

417 

403 

388 

374 

360 

345 

331 

316 

302 
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Addendum  to  Article  "Bread,"  p.  171. 

In  a  paper  recently  commnnicated  to  tlie  Society  of  Public 
Analysts,*  the  author  has  shown  that  by  treating  flour  or  bread 
with  a  5  per  cent,  solution  of  hydrochloric  acid,  acting  in  the 
cold,  all  soluble  forms  of  alumina  enter  into  solution,  so  that  any 
alum  present  as  alum,  or  any  alumina  present  as  phosphate  of 
alumina,  passes  into  the  hydrochloric  acid,  and  may  be  thus 
separated  from  silicates,  and  estimated  by  evaporating  the  acid  to 
dryness,  &c.,  as  in  treating  a  bread  ash. 

Great  hopes  were  entertained  that  by  this  means  accidental 
alumina  in  the  form  of  silicates  to  the  flour,  and  alumina  as  an 
adulterant  might  be  distinguished ;  and,  indeed,  the  earlier 
experiments  of  the  author  countenanced  this  view,  but  it  was 
afterwards  found  that  London  clay  and  reddish  clays  generally 
contained  phosphates  of  iron  and  alumina,  while  some  second-class 
flour  analysed  by  the  author,  and  from  which  no  trace  of  alum 
could  be  discovered  by  the  chloroform  process  and  by  the  gelatine 
logwood  test,  yet  gave  up  to  hydrochloric  acid  a  considerable 
quantity  of  phosphate  of  alumina,  the  soui'ce  of  which  was 
evidently  a  reddish  clay  which,  by  aid  of  chloroform,  was  easily 
separated. 

A  few  words  may  be  added  as  to  the  gelatine  alum  test :  the 
most  recent  experience  of  the  author  tends  moi'e  and  more  to 
confirm  its  delicacy  and  reliability.  An  important  extension  of 
the  method  consists  in  dissolving  the  alumed  gelatine  in  a  solu- 
tion of  pux'purine  or  logwood,  and  submitting  the  solution  to 
spectroscopic  observation.  For  present  purposes  it  will  be 
necessaiy  to  have  comparison  solutions  of  alumed  gelatine  and 
unalumed  gelatine,  and  compare  the  spectra  side  by  side ;  but  the 
author  is  making  arrangements  for  their  observation  by  photo- 
graphy. All  recent  workers  in  spectrum  analysis  have  shown 
the  great  superiority  of  photography  in  spectroscopic  work  to 
that  of  the  human  eye.  Not  alone  is  there  a  faithful  copy  and 
permanent  record  of  the  spectra,  but  lines  and  bands  are  shown, 
otherwise  qtiite  invisible. 

*  Improved  processes  foi-  the  detection  of  alum  in  flour  and  bread.    Bj'  A. 
Wynter  Blyth,  Analyst,  February,  1SS2. 
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TuE  Sale  of  Food  and  Drugs  Act,  1875. 

Ak  Act  to  Repeal  the  Adulteration  of  Food  Acts,  and  to 
Make  Better  Provision  for  the  Sale  op  Food  and  Drugs 
IN  A  Pure  State.    [38  &  39  Vict.,  ch.  63.] 


Whereas  it  is  desirable  that  the  Acts  now  in  force  relatinfj  to  the 
adulteration  of  food  should  be  repealed,  and  that  the  law  regarding  the 
sale  of  food  and  drugs  in  a  pure  and  genuine  condition  should  be 
amended  : 

Be  it  therefore  enacted  by  the  Queen's  most  Excellent  Majesty,  by 
and  with  the  advice  and  consent  of  the  Lords  Spiritual  and  Temporal, 
and  Commons,  in  this  present  Parliament  assembled,  and  by  the 
authority  of  the  same,  as  follows  : 

1.  From  the  commencement  of  this  Act  the  statutes  of  the  twentj'-  Repial  of  T- 
third  and  twenty-fourth  of  Victoria,  chapter  eighty-four,  of  the  oi"*p,^i'^a 
thirty- first  and  thirty-second  of  Victoria,  chapter  one  hundred  and  vig?  ^  *7i " 
twenty-one,  section  twenty-four,  of  the  thirty-third  and  thirty-fourth  s24  33  filu 
of  Victoria,  chapter  twenty-si.x,  section  three,  and  of  the  thirty-fifth  Vict.  c.  2G 
and  thirty-sixth  of  Victoria,  chapter  seventy-four,  shall  be  repealed,  s &  35  &  V, 
except  in  regard  to  any  appointment  made  under  them  and  not  then  * ^' 
determined,  and  in  regard  to  any  offence  committed  against  them 

or  any  prosecution  or  other  act  commenced  and  not  concluded  or 
completed,  and  any  payment  of  money  then  due  in  respect  of  any 
])rovision  thereof. 

2.  The  term  "food"  shall  include  every  article  used  for  food  or  Definitions, 
drink  l)y  man,  other  than  drugs  or  water  : 

The  term  "drug"  shall  include  medicine  for  internal  or  external 
use  : 

The  term  "county"  shall  include  every  county,  riding,  and 
divi.sion,  as  well  as  every  county  of  a  city  or  town  not  being  a 
borough  : 

The  term  "justices"  shall  include  any  police  or  stipendiary 
magistrate  invested  with  the  powers  of  a  justice  of  the  jieace  iu 
England,  and  any  divisional  justices  in  Ireland. 

Description  of  Offences. 

3.  No  per.son  shall  mix,  colour,  stain,  or  powder,  or  order  or  per-  Mixing, 
mit  any  other  person  to  mix,  colour,  stain,  or  powder,  any  article  colouring, 
of  food  with  any  ingredient  or  material  so  as  to  render  the  article  ''J^"''"'"^  so 
injurious  to  health,  witli  intent  that  the  same  may  be  sold  iu  that  Uoalth'.'^"'" 
state,  and  no  person  shall  sell  any  such  article  so  mixed,  coloured, 
stained,  or  powdered,  under  a  penalty  in  cacli  case  not  exceeding 

fifty  pounds  for  the  first  offence  ;  every  offence,  after  a  conviction  f(U' 
a  first  offence,  shall  be  a  misdemeanor,  for  which  the  lierson,  on  con- 
viction, shall  be  imprisoned  for  a  i)eriod  not  exceeding  six  months 
with  hard  labour. 
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No  drug  to 
be  coloured, 
&C.,  so  as  to 
injure  its 
quality. 


Guilty 
knowledge 
essential  to 
the  proof  of 
the  offence. 


No  person  to 
sell  foods  or 
drugs  to  the 
prejudice  of 
purchaser. 


Exceptions. 


Compound 
foods  or 
drugs  must 
be  in  accord- 
ance with 
the  demands 
of  purchase. 

A  legible 

descriptive 

notice 

exonerates 

seller. 


Abstraction 
of  con- 
stituents of 
food. 


4.  No  person  shall,  except  for  the  purpose  of  compounding  as 
hereinafter  described,  mix,  colour,  stain,  or  powder,  or  order  or  per- 
mit any  other  person  to  mix,  colour,  stain,  or  powder,  any  drug  with 
any  ingredient  or  material  so  as  to  affect  injuriously  the  quahty  or 
potency  of  such  drug,  with  intent  that  the  same  may  be  sold  in  that 
state,  and  no  person  shall  sell  any  such  drug  so  mixed,  coloured, 
stained,  or  powdered,  under  the  same  penalty  in  each  case  respectively 
as  in  the  preceding  section  for  a  first  and  subsequent  offence. 

5.  Provided  that  no  person  shall  be  liable  to  be  convicted  under 
either  of  the  two  last  foregoing  sections  of  this  Act  in  respect  of  the 
sale  of  any  article  of  food  or  of  any  drug,  if  he  shows  to  the  satisfac- 
tion of  the  justice  or  court  before  whom  he  is  charged  that  he  did  not 
know  of  the  article  of  food  or  drug  sold  by  him  being  so  mixed, 
coloured,  stained,  or  powdered,  as  in  either  of  those  sections  mentioned, 
and  that  he  could  not  with  reasonable  diligence  have  obtained  that 
knowledge. 

6.  No  person  shall  sell  to  the  prejudice  of  the  purchaser  any  article 
of  food  or  any  drug  which  is  not  of  the  nature,  substance,  and  quahty 
of  the  article  demanded  by  such  purchaser,  under  a  penalty  not 
exceeding  twenty  pounds  ;  provided  that  an  offence  shall  not  be 
deemed  to  be  committed  under  this  section  in  the  following  cases  ; 
that  is  to  say, 

(1.)  Where  any  matter  or  ingredient  not  injurious  to  health  has 
been  added  to  the  food  or  drug  because  the  same  is  required  for 
the  production  or  preparation  thereof  as  an  article  of  commerce, 
in  a  state  fit  for  carriage  or  consumption,  and  not  fraudulently 
to  increase  the  bulk,  weight,  or  measure  of  the  food  or  drug,  or 
conceal  the  inferior  quality  thereof  : 

(2.)  Where  the  drug  or  food  is  a  proj)rietary  medicine,  or  is  the 
subject  of  a  patent  in  force,  and  is  supplied  in  the  state  required 
by  the  specification  of  the  patent  : 

(3.)  Where  the  food  or  drug  is  compounded  as  in  this  Act  men- 
tioned : 

(4.)  Where  the  food  or  drug  is  unavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  preparation. 

7.  No  person  shall  sell  any  compound  article  of  food  or  compounded 
drug  which  is  not  composed  of  ingredients  iu  accordance  -with  the 
demand  of  the  purchaser,  under  a  penalty  not  exceeding  twenty 
pounds. 

8.  Provided  that  no  person  shall  be  guilty  of  any  such  offence  as 
aforesaid  in  respect  of  the  sale  of  an  article  of  food  or  a  drug  mixed 
with  any  matter  or  ingredient  not  injurious  to  health,  and  not 
intended  fraudulently  to  increase  its  bull;,  weight,  or  measure,  or 
conceal  its  inferior  quality,  if  at  the  time  of  delivering  such  article  or 
drug  he  shall  supply  to  the  person  receiving  the  same  a  notice,  by  a 
label  distinctly  and  legibly  m-itten  or  printed  on  or  vnth  the  article 
or  drug,  to  the  effect  that  the  same  is  mixed. 

9.  No  person  shaD,  with  the  intent  tliat  the  same  may  be  sold  in 
its  altered  state  without  notice,  abstract  from  an  article  of  food  any 
part  of  it  so  as  to  affect  injuriously  its  quality,  substance,  or  nature, 
and  no  person  shall  sell  any  article  so  altered  without  making  dis- 
closure of  the  alteration,  under  a  penalty  in  each  case  not  exceeding 
twenty  pounds. 


Appointment  and  Duties  of  Aiudysts,  and  Proceedings  to  obtain 
the  appointment  of  Analynis. 

The  local  10.  In  the  city  of  London  and  the  liberties  thereof  the  Commis- 
whom         sioners  of  Sewers  of  the  City  of  London  and  the  liberties  thereof,  and 
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in  all  other  parts  of  the  metropolis,  the  vestries  and  district  boards  analysts 
acting  in  execution  of  the  Act  for  the  better  local  management  of  the  ^g^'t^  ^6°"^ 
metropolis,  the  court  of  quarter  sessions  of  every  county,  and  the  appointed  in 
town  council  of  every  burgh  having  a  separate  court  of  quarter  i^igiand. 
sessions,  or  having  under  any  general  or  local  Act  of  Parliament  or 
otherwise  a  separate  police  establishment,  may,  as  soon  as  convenient 
after  the  passing  of  this  Act,  where  no  appointment  has  been  hitherto 
made,  and  in  all  cases  as  and  when  vacancies  in  the  office  occur,  or 
when  required  so  to  do  by  the  Local  Government  Board,  shall  for 
their  respective  city,  districts,  cotmties,  or  boroughs,  appoint  one  or 
more  persons  possessing  competent  knowledge,  skill,  and  experience, 
as  analysts  of  all  articles  of  food  and  drugs  sold  within  the  said  city, 
metropolitan  districts,  counties,  or  boroughs,  and  shaU  pay  to  such 
analysts  such  remtmeration  as  shall  be  mutually  agreed  upon,  and 
may  remove  him  or  them  as  they  shall  deem  proper ;  lout  such 
appointments  and  removals  shall  at  all  times  be  subject  to  the 
approval  of  the  Local  Government  Board,  who  may  require  satis- 
factory proof  of  competency  to  be  supplied  to  them,  and  may  give 
their  approval  absolutely  or  with  modifications  as  to  the  period  of 
the  appointment  and  removal,  or  otherwise ;  Provided,  that  no 
person  shall  hereafter  be  appointed  an  analyst  for  any  place  under 
this  section  who  shall  be  engaged  directly  or  indirectly  in  any  trade 
or  business  connected  with  the  sale  of  food  or  drugs  in  such  place. 

In  Scotland  the  like  powers  shall  be  conferred  and  the  like  duties  Appoint- 
shall  be  imposed  upon  the  commissioners  of  supply  at  their  ordinary  ments  in. 
meetings  for  counties,  and  the  commissioners  or  boards  of  poUce,  or  Scotland, 
where  there  are  no  such  commissioners  or  boards,  upon  the  town 
councils  for  burghs  within  their  several  jurisdictions ;  provided 
that  one  of  Her  Majesty's  Principal  Secretaries  of  State  in  Scotland 
shall  be  substituted  for  the  Local  Government  Board  of  England. 

In  Ireland  the  like  powers  and  duties  shall  be  conferred  and  In  Ireland, 
imposed  respectively  upon  the  grand  jury  of  every  county  and  town 
council  of  every  borough  ;  provided  that  the  Local  Government 
Board  of  Ireland  shall  be  substituted  for  the  Local  Government 
Board  of  England. 

11.  The  town  council  of  any  borough  may  agree  that  the  analyst  Town 
appointed  by  any  neighbouring  borough  or  for  the  county  in  which  the  Councils 

l  iorough  is  situated,  shall  act  for  their  borough  during  such  time  as  the  ™?y  '^S'''?® 
said  council  shall  think  proper,  and  shall  make  due  provision  for  the  oYnoich 
payment  of  his  remuneration,  and  if  such  analyst  shall  consent,  he  boming 
.shall  d>n-ing  such  time  be  the  analyst  for  such  borough  for  the  pur-  county  or 
poses  of  the  Act.  borough. 

12.  Any  purchaser  of  any  article  of  food  or  of  a  drug  in  .my  place  Any 
being  a  district,  county,  city,  or  borough  where  there  is  any  analyst  purchaser  of 
appointed  under  this  or  any  Act  hereby  repealed  shall  be  entitled,  on  'oo''** 
payment  to  such  analyst  of  a  sum  not  exceeding  ten  shillings  and  '.InfiVf  „„ 
sixpence,  or  if  there  I)e  no  such  analyst  then  acting  for  such  place,  to  Vriymonio! a, 
the  .analyst  of  another  place,  of  such  sum  .as  may  be  agreed  upon  between  foo,  to  havo 
such  ])erson  .and  the  analyst,  to  havo  such  article  analysed  liy  such  an  analysis 
analyst,  and  to  receive  from  him  a  certificate  t)f  the  result  of  his  "■'"!.„  , 
.analysis.  cortinoato. 

1:5.  Any  medical  officer  of  health,  inspector  of  nuisances,  or  inspoc-  Medical 
tor  of  weights  and  measures,  or  any  insiiector  of  a  m.arket,  or  any  offlcers  of 
l)olice  constable  under  the  direction  and  at  the  cost  of  the  h)cal  .'"^alth, 
authority  ai)pointing  such  officer,  insi)ector,  or  constable,  or  charged  n^l""'''}'"?', 
with  the  execution  of  this  Act,  may  procure  any  sample  of  food  or  „thor° 
drugs,  and  if  he  suspect  the  same  to  have  been  sold  to  him  contrary  ollloials  may 
to  any  provision  of  this  Act,  sh.all  submit  the  same  to  be  .an.alysed  by  promiro 
the  aii.alyst  of  the  district  or  place  for  which  he  acts,  or  if  there  be  "'""P'o"  for 
no  such  analyst  then  .acting  for  Hiich  placu;  to  the  .analyst  of  another  '^""''y^''- 
place,  and  such  analyst  shall,  upon  receiving  payment  as  is  provided  in 
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The  person 
purchasing 
must  notify 
his  intention 
of  having  the 
article 
analysed  by 
the  public 
analyst,  and 
divide  it  into 
three  parts. 


Tbe  seller 
not  accept- 
ing, the 
analyst 
divides  it 
into  two 
parts. 

Articles  may 
be  forward- 
ed through 
the  post. 


Penalty  for 
refusing  to 
sell. 


Certlfleate. 

Analysts 
must  report 
quarterly. 


the  last  section,  with  all  convenient  speed  analyse  the  same  and  give 
a  certificate  to  such  officer,  vkfherein  he  shall  specify  the  result  of  the 
analysis. 

14.  The  person  purchasing  any  article  with  the  intention  of  sub- 
mitting the  same  to  analysis  shall,  after  the  purchase  shall  have  been 
completed,  forthwith  notify  to  the  seller  or  his  agent  selling  the 
article  his  intention  to  have  the  same  analysed  by  the  public  analyst, 
and  shall  offer  to  divide  the  article  into  three  parts  to  be  then  and 
there  separated,  and  each  part  to  be  marked  and  sealed  or  fastened 
up  in  such  manner  as  its  nature  mil  permit,  and  shall,  if  required  to 
do  so,  proceed  accordingly,  and  shall  deliver  one  of  the  parts  to  the 
seller  or  his  agent. 

He  shall  afterwards  retain  one  of  the  said  parts  for  future  com- 
parison, and  submit  the  third  part,  if  he  deems  it  right  to  have  the 
article  analysed,  to  the  analyst. 

15.  If  the  seller  or  his  agent  do  not  accept  the  offer  of  the  purchaser 
to  divide  the  article  purchased  in  his  presence,  the  analyst  receiving 
the  article  for  analysis  shall  divide  the  same  into  two  parts,  and  shall 
seal  or  fasten  up  one  of  those  parts  and  shall  cause  it  to  be  delivered, 
either  upon  receipt  of  the  sample  or  when  he  supplies  his  certificate 
to  the  purchaser,  who  shall  retain  the  same  for  production  in  case 
proceedings  shall  afterwards  be  taken  in  the  matter. 

16.  If  the  analyst  do  not  reside  within  two  miles  of  the  residence 
of  the  person  requiring  the  article  to  be  analysed,  such  article  may 
be  forwarded  to  the  analyst  through  the  post  office  as  a  registered 
letter,  subject  to  any  regulations  which  the  Postmaster-General  may 
make  in  reference  to  the  carrying  and  delivery  of  such  article,  and 
the  charge  for  the  postage  of  such  article  shall  be  deemed  one  of  the 
charges  of  this  Act  or  of  the  prosecution,  as  the  case  may  be. 

17.  If  any  such  officer,  inspector,  or  constable,  as  above  described, 
shall  apply  to  purchase  any  article  of  food  or  any  drug  exposed  to 
sale,  or  on  sale  by  retail  on  any  premises  or  in  any  shop  or  stores,  and 
shall  tender  the  price  for  the  quantity  which  he  shall  require  for  the 
purpose  of  analysis,  not  being  more  than  shall  be  reasonably  requisite, 
and  the  person  exposing  the  same  for  sale  shall  refuse  to  sell  the  same 
to  such  officer,  inspector,  or  constable,  such  person  shall  be  liable  to  a 
penalty  not  exceeding  ten  pounds. 

18.  The  certificate  of  the  analysis  shall  be  in  the  form  set  forth  in 
the  schedule  hereto,  or  the  like  effect. 

19.  Every  analyst  appointed  under  any  Act  hereby  repealed  or 
this  Act  shall  report  quarterly  to  the  authority  appointing  him  the 
number  of  articles  analysed  by  him  under  this  Act  during  the  fore- 
going quarter,  and  shall  specfly  the  result  of  each  analysis  and  the 
sum  paid  to  him  in  respect  thereof,  and  such  report  shall  be  presented 
at  the  next  meeting  of  the  authority  appointing  such  analyst,  and 
every  such  authority  shall  annually  transmit  to  the  Local  Govern- 
ment Board,  at  such  time  and  in  such  form  as  the  Board  shall  direct, 
a  certified  copy  of  such  quarterly  report. 


Proceedings 
after  receipt 
ofcertiilcate. 


Recovery  of 
penalties. 


Proceedings  against  Offenders. 

20.  When  the  analyst  having  analysed  any  article  shall  have  given 
his  certificate  of  the  result,  from  which  it  may  appear  that  an  offence 
against  some  one  of  the  provisions  of  this  Act  has  been  committed, 
the  person  causing  the  analysis  to  be  made  may  take  proceedings 
for  the  recovery  of  the  penalty  herein  imposed  for  such  offence, 
before  any  justices  in  petty  sessions  assembled  having  jurisdiction  in 
the  place  where  the  article  or  drug  sold  was  actually  delivered  to  the 
liurchaser,  in  a  summary  manner. 

Every  penalty  imposed  by  this  Act  shall  be  recovered  in  England 
ill  the  manner  prescribed  by  the  eleventh  and  twelfth  of  Victoria, 
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chapter  forty-throe.  In  Ireland  sucli  penalties  and  proceedings  shall 
be  recoverable,  and  may  be  taken  with  respect  to  the  police  district 
of  DubUn  metropolis,  subject  and  according  to  the  provisions  of  any 
Act  regulating  the  powers  and  duties  of  justices  of  the  peace  for  such 
district,  or  of  the  police  of  such  district  ;  and  with  respect  to  other 
parts  of  Ireland,  before  a  justice  or  justices  of  the  peace  sitting  in 
petty  sessions,  subject  and  according  to  the  provisions  of  "  The 
Petty  Sessions  (Ireland)  Act,  1851,"  and  any  Act  amending  the  same. 

Every  penalty  herein  imposed  may  be  reduced  or  mitigated  accord- 
ing to  the  judgment  of  the  justices. 

21.  At  tile  hearing  of  the  information  in  such  proceeding  the  pro-  Production 
duction  of  the  certifieate  of  the  analyst  shall  be  sufficient  evidence  of  of  certiflcato 
the  facts  therein  stated,  unless  the  defendant  shall  require  that  the     ?  anX^at' 
analyst  shall  be  called  as  a  witness,  and  the  parts  of  the  articles  ^^^^^  attend 
retained  by  the  person  who  purchased  the  article  shall  be  produced,  if  required, 
and  the  defendant  may,  if  he  think  fit,  tender  himself  and  his  wife  Tlie  defend- 
to  be  examined  on  his  behalf,  and  he  or  she  shall,  if  he  so  desire,  be  s'-d'  'li^ 

]  1-    1  wife  may,  iC 

e.xammed  accordmgly.  _  fl^3  clioose, 

22.  The  justices  before  whom  any  complaint  maybe  made,  or  the  be  examined 
court  before  whom  any  appeal  may  be  heard,  under  this  Act  may, 

upon  the  request  of  either  party,  in  their  discretion  cause  any  article  gentx^gample 
of  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Revenue,  to  Somerset 
who  shall  thereupon  tlirect  the  chemical  officers  of  their  department  House, 
at  Somerset  House  to  make  the  analysis,  and  give  a  certificate  to  such 
justices  of  the  result  of  the  analysis  ;  and  the  e.Kpense  of  such  analysis 
shall  be  paid  by  the  complainant  or  the  defendant  as  the  justices  may 
by  order  direct. 

23.  Any  person  who  has  been  convicted  of  any  oEfence  punishable  Appeal  to 
by  any  Act  hereby  repealed  or  by  this  Act  by  any  justices  may  gggg^g*^" 
appeal  in  England  to  the  next  general  or  quarter  sessions  of  the  peace 

which  shall  be  held  for  the  city,  county,  town,  or  place  wherein  such 
conviction  shall  have  been  made,  provided  that  such  person  enter  into 
a  recognisance  within  three  days  next  after  such  conviction,  vnth.  two 
sufficient  sureties,  conditioned  to  try  such  appeal,  and  to  be  forth- 
coming to  abide  the  judgment  and  determination  of  the  court  at  such 
general  or  quarter  sessions,  and  to  pay  such  costs  as  shaU  be  by  such 
court  awarded  ;  and  the  justices  before  whom  .such  conviction  sliaU 
he  had  are  hereby  empowered  and  required  to  take  such  recognisance  ; 
and  the  court  at  such  general  or  quarter  sessions  are  hereby  required 
to  hear  and  determine  the  matter  of  such  .appeal,  and  may  award 
such  costs  to  the  party  appealing  or  appealed  against  as  they  or  he 
shall  think  jjroper. 

In  Ireland  any  person  who  has  been  convicted  of  any  oft'encc  Appeals  iu 
punishable  by  this  Act  may  appeal  to  the  ne.\t  court  of  quarter  Ireland, 
sessions  to  be  held  in  the  same  divisicm  of  the  comity  where  the  con- 
viction shall  1)0  made  by  any  justice  or  justices  in  .any  i)etty  sessions 
district,  or  to  the  recorder  at  his  next  sessions  whore  the  c(mviction 
.shall  be  made  by  the  divi.sional  justices  in  the  |)olice  district  of  Dublin 
metropolis,  or  to  the  recorded- of  any  corjiorato  or  borough  town  when 
the  conviction  shall  be  made  by  .any  justice  or  ju.sticos  iu  such  cor- 
porate or  borough  town  (unless  when  .any  such  sessions  shall  com- 
mence within  ten  days  from  the  date  of  .any  such  conviction,  in  wbicli 
case,  if  the  appellant  sees  fit,  the  apjieal  may  be  made  to  the  next 
Hucceeding  sessions  to  be  held  for  such  <livision  or  town),  and  it  shall 
be  lawful  for  such  court  of  quarter  sessions  or  recorder  (as  the  case 
may  be)  to  decide  such  appeal,  if  made  in  such  form  and  manmu'  ami 
with  such  notices  as  are  required  by  the  said  Petty  Sessions  Acts  re- 
spectively hereinbefore  mentioned  as  to  appeals  against  orders  made  by 
justices  at  petty  sessions,  and  all  the  provisions  of  the  said  Petty 
Sessions  Acts  respectively  as  to  making  appeals  and  as  to  executing 
the  orders  made  on  appeal,  or  the  original  orders  where  the  appeals 
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shall  not  be  duly  prosecuted,  shall  also  apply  to  any  appeal  made 
under  this  Act. 

24.  In  any  prosecution  under  this  Act,  where  the  fact  of  an  article 
having  been  sold  in  a  mixed  state  has  been  proved,  if  the  defendant 
shall  desire  to  rely  upon  any  exception  or  provision  contained  in  this 
Act,  it  shall  be  incumbent  upon  him  to  prove  the  same. 

25.  If  the  defendant  in  any  prosecution  under  this  Act  prove  to  the 
satisfaction  of  the  justices  or  court  that  he  had  purchased  the  article 
in  question  as  the  same  in  nature,  substance,  and  quality  as  that 
demanded  of  him  by  the  prosecutor,  and  ^vith  a  written  warranty 
to  that  effect,  that  he  had  no  reason  to  believe  at  the  time  when  he 
sold  it  that  the  article  was  otherwise,  and  that  he  sold  it  in  the  same 
state  as  when  he  purchased  it,  he  shall  be  discharged  from  the  pro- 
secution, but  shall  be  liable  to  pay  the  costs  incurred  by  the  prose- 
cutor, unless  he  shall  have  given  due  notice  to  him  that  he  will  rely 
on  the  above  defence. 

26.  Every  penalty  imposed  and  recovered  under  this  Act  shall  be 
paid  in  the  case  of  a  prosecution  by  any  officer,  inspector,  or  con- 
stable, of  the  authority  who  shall  have  appointed  an  analyst  or 
agreed  to  the  acting  of  an  analyst  within  their  district,  to  such  officer, 
inspector,  or  constable,  and  shall  be  by  him  paid  to  the  authority  for 
whom  he  acts,  and  be  applied  towards  the  expenses  of  executing  this 
Act,  any  Statute  to  the  contrary  notwithstanding  ;  but  in  the  case 
of  any  other  prosecution  the  same  shall  be  paid  and  applied  in 
England  according  to  the  law  regulating  the  application  of  penalties 
for  offences  punishable  in  a  summary  manner,  and  in  Ireland  in  the- 
manner  directed  by  the  Fines  Act,  Ireland,  1851,  and  the  Acts 
amending  the  same. 

27.  Any  person  who  shall  forge,  or  shall  utter,  knowing  it  to  be 
forged  for  the  purp(jses  of  this  Act,  any  certificate  or  any  writing 
purporting  to  contain  a  warranty,  shall  be  guilty  of  a  misdemeanor 
and  be  punishable  on  conviction  by  imprisonment  for  a  term  of  not 
exceeding  two  years  with  hard  labour  ; 

Every  person  who  shall  wilfully  apply  to  an  article  of  food,  or  a 
drug,  in  any  proceedings  under  this  Act,  a  certificate  or  warranty 
given  in  relation  to  any  other  article  or  drug,  sliall  be  guilty  of  an 
offence  under  this  Act,  and  be  liable  to  a  penalty  not  exceeding 
twenty  pounds  ; 

Every  person  who  shall  give  a  false  warranty  in  writing  to  "any 
purchaser  in  respect  of  an  article  of  food  or  a  drug  sold  by  him  .as 
principal  or  agent,  shall  be  guilty  of  an  offence  under  this  Act,  and 
be  liable  to  a  penalty  not  exceeding  twenty  pounds  ; 

And  every  person  who  shall  wilfuUy  give  a  label  with  any  article 
sold  by  him  which  shall  falsely  describe  the  article  sold,  shall  be 
guilty  of  an  offence  under  this  Act,  and  be  liable  to  a  penalty  not 
exceeding  twenty  pounds. 

28.  Nothing  in  this  Act  contained  shall  .affect  the  power  of  pro- 
ceeding by  indictment,  or  take  away  any  other  remedj'  .against  any 
offender  under  this  Act,  or  in  any  way  interfere  \vith  contracts  and 
bargains  between  individuals,  and  the  rights  and  remedies  belonging 
thereto. 

Provided  that  in  any  action  brought  by  any  person  for  a  breach  of 
contract  on  the  sale  of  any  article  of  food  or  of  any  drug,  such 
person  may  recover  alone  or  in  addition  to  any  other  damages  re- 
coverable by  him  tlie  .amount  of  any  pen.alty  in  which  he  may  have 
been  convicted  under  tliis  Act,  together  with  the  costs  paid  by  him 
upon  sucli  conviction  and  those  incurred  by  him  in  .and  about  his 
defence  thereto,  if  he  prove  tli.at  the  article  or  drug  the  subject  of 
such  conviction  was  sold  to  him  as  and  for  an  article  or  drug  of  the 
same  nature,  substance,  and  (juality  as  th.at  which  was  deni.anded  of 
him,  .and  that  he  inircliased  it  not  knowing  it  to  be  otherwise,  .and 
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afterwards  sold  it  in  the  same  state  in  which  he  purchased  it  ;  the 
defendant  in  such  action  being  nevertheless  at  liberty  to  prove  that 
the  conviction  was  -wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  imreasonable. 


'  Expenses  of  Executing  the  Act. 

29.  The  expenses  of  executing  this  Act  shall  be  borne,  in  the  city  Expenses  ia 
of  London  and  the  liberties  thereof,  by  the  consolidated  rates  raised  JinglauiL 
by  the  Commissioners  of  Sewers  of  the  city  of  London  and  the 
liberties  thereof,  and  in  the  rest  of  the  metropohs  by  any  rates  or 

funds  applicable  to  the  purposes  of  the  Act  for  the  better  local 
management  of  the  metropolis,  and  otherwise  as  regards  England,  in 
counties  by  the  county  rate,  and  in  boroughs  by  the  borough  fund  or 
rate  ; 

And  as  regards  Ireland,  in  counties  by  the  grand  jury  cess,  and  in  In  Ireland, 
boroughs  by  the  borough  fund  or  rate  ;  all  such  expenses  payable  in 
any  county  out  of  grand  jury  cess  shall  be  paid  by  the  treasurer  of 
such  county  ;  and 

The  gi-and  jury  of  any  such  county  shall,  at  any  assizes  at  which 
it  is  proved  that  any  such  expenses  have  been  incun-ed  or  paid  ^vith- 
out  previous  apjilication  to  presentment  sessions,  present  to  be 
raised  off  and  paid  by  such  county  the  moneys  requii-ed  to  defray  the 
same. 

Special  Provision  as  to  Tea. 

30.  From  and  after  the  first  day  of  .January  one  thousand  eight  Special  pro- 
hundred  and  seventy-six  aU  tea  imported  as  merchandise  into  and  visions  us  to 
landed  at  any  port  in  Great  Britain  or  Ireland  shall  be  subject  to 
examination  by  persons  to  be  appointed  by  the  Commissioners  of 
Customs,  subject  to  the  approval  of  the  Treasury,  for  the  inspection 

and  analysis  thereof,  for  which  purpose  samples  may,  when  deemed 
necessary  by  such  inspectors,  be  taken,  and  with  all  convenient  speed 
be  examined  by  the  analysts  to  be  so  appointed  ;  and  if  vipou  such 
a,nalysis  the  same  shall  be  found  to  be  mixed  with  other  substances 
or  exhausted  tea,  the  same  shall  not  be  delivered  unless  with  the 
sanction  of  the  said  commissioners,  and  on  such  terms  and  conditions 
as  they  shall  see  fit  to  direct,  either  for  home  consumption  or  for  use 
as  ships'  stores  or  for  exportation  ;  but  if  on  such  inspection  and 
analysis  it  shall  appear  that  such  tea  is  in  the  opinion  of  the  analyst 
unfit  for  human  food,  the  same  shall  Ije  forfeited  and  destroyed  or 
otherwise  disposed  of  in  such  manner  as  the  said  commissioners  may 
direct. 

.31.  Tea  to  which  the  term  "  exhausted  "  is  applied  in  this  Act 
shall  mean  and  include  any  tea  which  has  been  deju'ived  of  its  proper 
rpiality,  strength,  or  virtue  by  steeping,  infusion,  decoction,  or  otlier 
means. 

32.  For  the  purposes  of  this  Act  evo!ry  liberty  of  a  cinque  port  not  Cinqiio 
comprised  witliin  the  jurisdiction  of  a  bnrougii  shall  be  part  of  the  ports, 
county  in  which  it  is  situated,  and  subject  to  the  jurisdiction  of  the 
justices  of  such  coimty. 

Xi.  In  the  application  of  this  Act  to  Scotland  the  following  provi-  Special  ap- 
sions  .shall  liave  effect  :  plIciilioTis  to 

SeoHaml. 

1.  The  tenn  "misdemeanor"  shall  mean  "  a  crime  or  offence  :" 

2.  The  term  "  defendant "  shall  mean   "defender,"  and  include 
"  respondent  :" 

3.  The  term  "  information"  shall  include  "complaint  :" 

4.  This  Act  shall  be  read  and  construed  as  if  for  the  term 
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"justices,"  wherever  it  occurs  therein,  the  term  "sheriff"  were 
substituted  : 

The  term  "  sheriff  "  shall  iucltide  "  sheriff-suljstitute 
The  term  "borough"  shall  mean  any  royal  burgh  and  any  burgh 
returning  or  contributing  to  return  a  member  to  Parliament : 
The  expenses  of  executing  this  Act  shall  be  borne  in  Scotland, 
in  counties,  by  the  county  general  assessment,  and  in  btirghs,  by 
the  pohce  assessment  : 

This  Act  shall  be  read  and  constnied  as  if  for  the  expression  "  the 
Local  Government  Board,"  wherever  it  occurs  therein,  the 
expression  "  one  of  Her  Majesty's  Principal  Secretaries  of 
State  "  were  suljstituted  : 

All  penalties  provided  by  this  Act  to  be  recovered  in  a  summary 
manner  shall  be  recovered  before  the  sheriff  of  the  county  in  the 
sheriff  court,  or  at  the  option  of  the  person  seeldng  to  recover 
the  same  in  the  police  court,  in  any  place  ■^■here  a  sherifl'  officiates 
as  a  police  magistrate  imder  the  provisions  of  "  The  Summary 
Procedure  Act,  1864,"  or  of  the  Police  Act  in  force  for  the  time 
in  any  place  in  which  a  sheriff  officiates  as  aforesaid,  and  aU  the 
jurisdiction,  powers,  and  authorities  necessary  for  this  purposes 
are  hereby  conferred  on  sheriffs  : 

Every  such  penalty  may  be  recovered  at  the  instance  of  the 
procurator-fiscal  of  the  jurisdiction,  or  of  the  person  who  caused 
the  analyses  to  be  made  from  which  it  appeared  that  an  offence 
had  been  committed  against  some  one  of  the  provisions  of  this  Act. 

Every  penalty  imposed  and  recovered  imder  this  Act  shall  be 
paid  to  the  clerk  of 'coiiBt,  and  by  him  shall  be  accounted  for  and 
paid  to  the  treasurer  of  the  cotmty  general  assessment,  or  the 
police  assessment  of  the  bu^gh,  as  the  sheriff  shall  direct. 
Every  penalty  imposed  by  this  Act  may  be  reduced  or  mitigated 
according  to  the  judgment  of  the  sheriff  : 

It  shall  be  competent  to  any  person  aggrieved  by  any  conviction 
by  a  sheriff  in  any  summary  proceeding  under  tliis  Act  to  appeal 
against  the  same  to  the  next  circuit  court,  or  where  there  are  no 
circuit  courts  to  the  High  Court  of  Justiciaiy  at  Edinburgh,  in 
the  manner  prescribed  by  such  of  the  pi-ovisions  of  the  Act  of 
the  twentieth  year  of  the  reign  of  King  George  the  Second, 
chapter  forty-three,  and  any  Acts  amending  the  same,  as  relate 
to  appeals  in  matters  criminal,  and  by  and  under  the  rules,  limi- 
tations, conditions,  and  restrictions  contained  in  the  said  pro- 
visions. 

In  the  ap]3lication  of  this  Act  to  Ireland, — 

The  term  "borough"  shall  mean  any  borough  subject  to  the 
Act  of  the  session  of  the  third  and  fourth  years  of  tlie  reign  of 
Her  present  Majesty,  chapter  one  hundred  and  eight,  intituled 
"An  Act  for  the  Ivegulation  of  Municipal  Corporations  in 
Ireland. " 

The  term  "  county  "  shall  include  a  county  of  a  citj'  and  a 
county  of  a  town  not  being  a  borough. 

The  term  "  assizes  "  shall,  with  resjiect  to  the  county  of  Dublin, 
mean  "  ])resenting  term." 

The  term  "  treasurer  of  the  county"  shall  include  any  person 
or  ])ersons  or  bank  in  any  county  jierfonning  duties  analogous  to 
those  of  the  treasurer  of  the  county  in  comities,  and,  with  respect 
to  the  county  of  Dublin,  it  shall  mean  the  fin.mce  committee  : 

The  term  "police  constable"  shall  mean,  witli  resjiect  to  the 
police  district  of  Dublin  metro]iolis,   constable  of  tlie  Dublin 
Metropolitan  Police,  and  with  respect  to  any  other  pai-t  of 
Ireland,  constable  of  the  Eoyal  Irish  Constabulary  : 
This  Act  shall  commence  on  tlie  first  day  of  October  one 


moni  of  Act  thousand  eight  hundred  and  seventy-five. 
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36.  This  Act  may  be  cited  as  "  The  Sale  of  Food  and  Drugs  Act,  Title. 
1875." 


SCHEDULE.  Schedule. 


EoEJi  OP  Certificate. 

To* 

I,  the  undersigned,  public  analyst  for  the  ,  Certificate, 

do  hereby  certify  that  I  received  on  the  day  of  ,  18  , 

fi-omi-  ,  a  sample  of  for  analysis 

(which  then  weighed^  ),  and  have  analysed  the  same,  and 

declare  the  result  of  my  analysis  to  be  as  follows  : — 

I  am  of  opinion  that  the  same  is  a  samjile  of  genuine 

I  am  of  opinion  that  the  said  sample  contained  the  parts  as  under, 
or  the  percentages  of  foreign  ingredients  as  under. 


LEEDS  J<WES7-RI0INC 

WEDICO-CHIRURCICAL  h-OCIETY 


Observations.^ 


As  witness  my  hand  this  day  of 

A.  B. 

at 


*  Hero  insert  the  name  of  tho  person  submitting  the  article  for  analysis. 

t  Hero  insert  the  name  of  the  person  dolivoring  the  sample. 

t  When  tho  article  cannot  ho  conveniently  weighed,  this  passage  may  ho 
erased,  or  the  blank  may  be  left  unfilled. 

§  Here  tho  analyst  may  insert  at  his  discretion  his  opinion  as  to  whether  tho 
mixture  (if  any)  was  for  the  pun)osc  of  rendering  the  article  ))orl!iblo  or 
palatable,  or  of  preserving  it,  or  of  improving  tho  appearance,  or  was  una- 
voidable, and  may  state  whether  in  excess  of  what  is  ordinary,  or  otliorwiso, 
and  whether  tho  Ingredients  or  materials  mi.xed  are  or  aro  not  injurious  to 
health. 

In  the  case  of  a  certificate  regarding  millc,  butter,  or  any  article  liable  to 
decomposition,  tho  analyst  shall  specially  report  whether  any  change  had 
taken  place  in  the  constitution  of  tho  article  that  would  Inlei-fero  with  the 
analysis. 
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38&39Viot. 
c.  63. 


Short  title. 

In  Rale  of 
adulterated 
articles,  no 
defence  to 
allege 
purchase 
for  analysis. 


Ofacer, 
inspector,  or 
constable 
may  obtain  a 
sample  of 
milk  at  the 
place  of 
delivery  to 
submit  to 
analyst. 


Penalty  for 
refusal  to 
give  milk  for 
analysis. 

Extension  of 
Act  as  to 
sale  in 
streets,  &c. 

Keduction 
allowed  to 
the  extent  of 
25  degrees 
under  proof 
for  brandy, 
■whisky,  or 
rum,  and  35 
degrees  for 
gin. 

Extension  of 
meaning  of 
"  county." 

Quarter 

session 

boroughs 

not  to 

contribute 

to  county 

analyst. 

6  &  C  W.  4. 
c.  70. 


Sale  of  Food  and  Drugs  Act  Amendment  Act,  1879,  [42  &  43 

Vict.  c.  30.] 

"Whereas  conflicting  decisions  have  been  given  in  England  and  in 
Scotland  in  regard  to  the  meaning  and  effect  of  section  six  of  the 
Sale  of  Food  and  Drugs  Act,  187.5,  in  this  Act  referred  to  as  the 
l^rincipal  Act,  and  it  is  expedient,  in  this  respect  and  otherwise,  to 
amend  the  said  Act :  Be  it  enacted  by  the  Queen's  most  Excellent 
Majesty,  by  and  with  the  advice  and  consent  of  the  Lords  Spiritual 
and  Temporal,  and  Commons,  in  this  present  Parliament  assembled, 
and  by  the  authority  of  the  same,  as  follows  : 

1.  This  Act  may  be  cited  for  all  purposes  as  the  Sale  of  Food  and 
Drugs  Act  Amendment  Act,  1879. 

2.  In  auy  prosecution  under  the  provisions  of  the  principal  Act  for 
selling  to  the  prejudice  of  the  purchaser  any  article  of  food  or  any 
drug  which  is  not  of  the  nature,  substance,  and  quality  of  the  article 
demanded  by  such  purchaser,  it  shall  be  no  defence  to  any  such 
prosecution  to  allege  that  the  purchaser,  having  bought  only  for 
analysis,  was  not  prejudiced  by  such  sale.  Neither  shall  it  be  a  good 
defence  to  prove  that  the  article  of  food  or  drug  in  question,  though 
defective  in  nature  or  in  substance  or  in  quality,  was  not  defective  in 
all  three  respects. 

3.  Any  medical  officer  of  health,  inspector  of  nuisances,  or 
inspector  of  weights  and  measm-es,  or  any  inspector  of  a  market, 
or  any  police  constable  under  the  direction  and  at  the  cost  of  the 
local  authority  appointing  such  officer,  inspector,  or  constable,  or 
charged  with  the  execution  of  this  Act,  may  procure  at  the  place  of 
delivery  any  sample  of  any  milk  in  course  of  delivery  to  the  pur- 
chaser or  consignee  in  pursuance  of  any  contract  for  the  sale  to 
such  purchaser  or  consignee  of  such  milk ;  and  such  officer,  inspector, 
or  constable,  if  he  suspect  the  same  to  have  been  sold  contrarj'  to 
any  of  the  ijrovisions  of  the  principal  Act,  shall  submit  the  same  to 
be  analysed,  and  the  same  shall  be  analysed,  and  proceedings  shall 
be  taken,  and  penalties  on  conviction  be  enforced  in  like  manner  in 
all  respects  as  if  such  officer,  inspector,  or  constable  had  purchased 
the  same  from  the  seller  or  consignor  under  section  thirteen  of  the 
princiijal  Act. 

4.  The  seller  or  consignor  or  any  person  or  persons  entrusted  by 
him  for  the  time  being  with  the  charge  of  such  milk,  if  he  shall  refuse 
to  allow  such  officer,  inspector,  or  constable  to  take  the  qu.-vntity 
which  such  officer,  inspector,  or  constable  shall  require  for  the 
purpose  of  analysis,  shall  be  liable  to  a  penalty  not  exceeding  ten 
pounds. 

5.  Any  street  or  open  place  of  public  resort  shall  be  held  to  come 
within  the  meaning  of  section  seventeen  of  the  principal  Act. 

6.  In  determining  whether  an  ofifence  has  been  committed  under 
section  six  of  the  said  Act  by  selling,  to  the  prejudice  of  the  pur- 
chaser, spirits  not  adulterated  otherwise  than  by  the  adinixture  of 
water,  it  shall  be  a  good  defence  to  prove  that  such  admixture  has 
not  reduced  the  spirit  more  than  twenty-five  degrees  under  proof  for 
brandy,  whisky,  or  rum,  or  thirty-five  degrees  under  proof  for  gin. 

7.  Every  lil)ertj'  ha\ang  a  separate  court  of  quarter  sessions,  e.xcept 
a  liberty  of  a  cinriue  port,  shall  be  deemed  to  be  a  county  within  the 
meaning  of  the  said  Act. 

8.  The  town  cotiticil  of  any  borough  having  a  separate  court  of 
quarter  sessions  shall  be  exem])t  from  contributing  towards  the 
expenses  incurred  in  the  execution  of  the  principal  Act  in  respect  of 
the  county  \vithin  which  sucli  l)orough  is  situate,  and  the  treasurer  of 
the  county  shall  exclude  the  exjjenses  so  incurred  from  the  account 
re(iuired  by  section  one  hundred  and  seventeen  of  the  Municipal 
Corporation  Act,  1835,  to  bo  sent  by  huu  to  such  town  council. 
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9.  The  town  covincil  of  any  borough  having  under  any  general  or  Provisioa 
local  Act  of  Parliament,  or  otherwise,  a  separate  police  establishment,  boroughs 
and  being  liable  to  be  assessed  to  the  county  rate  of  the  county  separate 
within  which  the  borough  is  situate,  shall  be  paid  hy  the  justices  police. 

of  such  county  the  proportionate  amount  contributed  towards  the 
expenses  incurred  by  the  county  in  the  execution  of  the  principal 
Act  by  the  several  parishes  and  parts  of  parishes  within  such  borough 
in  respect  of  the  rateable  value  of  the  property  assessable  therein, 
as  ascertained  by  the  valuation  lists  for  the  time  being  in  force. 

10.  In  all  prosecutions  under  the  principal  Act,  and  notwithstand-  Special  pro- 
ing  the  provisions  of  section  twenty  of  the  said  Act.  the  summons  to  ^/^'e  forVro 
appear  before  the  magistrates  shall  be  served  ujion  the  person  charged  ceedings 
with  violating  the  provisions  of  the  said  Act  mthin  a  reasonable 

time,  and  in  the  ease  of  a  perishable  article  not  exceeding  twenty- 
eight  days  from  the  time  of  the  purchase  from  such  person  for  test 
purposes  of  the  food  or  drug,  for  the  sale  of  which  in  contravention 
to  the  terms  of  the  principal  Act  the  seller  is  rendered  liable  to  prose- 
cution, and  particulars  of  the  offence  or  offences  against  the  said  Act 
of  which  the  seller  is  accused,  and  also  the  name  of  the  prosecutor, 
shall  be  stated  on  the  summons,  and  the  summons  shall  not  be  made 
returnable  in  a  less  time  than  seven  days  from  the  day  it  is  served 
upon  the  person  summoned. 


New  York  Adulteration  Act,  1881. 
Ak  Act  to  Prevent  the  Adulteration  of  Food  or  Drugs,  1881. 

The  People  of  the  State  of  Neio  York,  represented  in  Senate  and 
Assembly,  do  enact  as  follows: — 

Section  1.— No  person  shall,  within  this  State,  manufacture,  have, 
offer  for  sale,  or  sell  any  article  of  food  or  di-ugs  which  is  adulterated 
within  the  meaning  of  this  Act,  and  any  person  violating  this  pro- 
vision shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction 
thereof,  shall  be  punished  by  fine  not  exceeding  fifty  dollars  for  the 
first  offence,  and  not  exceeding  one  hundred  dollars  for  each  sub- 
sequent offence. 

Section  2.— The  term  "food,"  as  used  in  this  Act,  shall  include 
every  article  used  for  food  or  drink  by  man.  The  term  "drug,"  as 
used  in  this  Act,  shall  include  all  medicines  for  internal  and  external 
use. 

Section  .3.— An  article  shall  be  deemed  to  be  adulterated  within 
the  meaning  of  this  Act. 
(«.) — In  the  case  of  drugs — 

1.  If,  when  sold  under  or  by  a  name  recognised  in  the  United 
States  Pharmacopdtia,  it  differs  from  the  standard  of  strength, 
quality,  or  ])urity  hiid  down  therein. 

2.  If,  when  sold  under  or  by  a  name  not  recognised  in  the  United 
States  Pharmacoprda,  but  which  is  found  in  some  other  Pharma- 
copfda  or  other  standard  work  on  Materia  Medica,  it  differs  materi- 
ally from  the  standard  of  strength,  (|uality,  or  purity  laid  down 
in  such  work. 

.3.  If  its  strength  or  purity  fall  below  the  professed  standard  under 
which  it  is  sold. 

(b.)  In  the  ca.se  of  food  or  drink— 

1.  If  any  substance  or  substances  has  or  liave  been  nn'xed  with  it 
m)  as  to  reduce  or  lower  or  injuriously  affect  its  ((uality  or  strength. 
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2.  If  auy  inferior  or  cheaper  substance  or  substances  have  been 
substituted  wholly  or  in  part  for  the  article. 

3.  If  any  valuable  constituent  of  the  article  has  been  wholly  or  in 
part  abstracted. 

4.  If  it  be  an  imitation  of,  or  be  sold  under  the  name  of,  another 
article. 

5.  If  it  consists  wholly  or  in  part  of  a  diseased  or  decomposed,  or 
putrid  or  rotten,  animal  or  vegetable  substance,  whether  manufactured 
or  not,  or,  in  the  case  of  milk,  if  it  is  the  jjroduce  of  a  diseased  animal. 

C.  If  it  be  coloured,  or  coated,  or  poUshed,  or  powdered,  whereby 
damage  is  concealed,  or  it  is  made  to  ajspear  better  than  it  really  is, 
or  of  greater  value. 

7.  If  it  contain  auy  added  poisonous  ingredient,  or  any  ingredient 
which  may  render  such  an  article  injurious  to  the  health  of  a  person 
consuming  it.  Provided,  that  the  Htate  board  of  health  may,  with 
the  approval  of  the  governor,  from  time  to  time  declare  certain 
articles  or  preparations  to  be  exempt  from  the  provisions  of  this  Act : 
And  provided  further,  that  the  provisions  of  this  Act  shall  not  apply 
to  mixtures  or  compounds  recognised  as  ordinary  articles  of  food, 
provided  that  the  same  are  not  injurious  to  health  and  that  the 
articles  are  distinctly  labelled  as  a  mixture,  stating  the  components 
of  the  mixture. 

Section  4. — It  shall  be  the  duty  of  the  State  board  of  health  to 
prepare  and  publish  from  time  to  time,  lists  of  the  articles,  mixtures 
or  compounds  declared  to  be  exempt  from  the  provisions  of  this  Act 
in  accordance  with  the  preceding  section.  The  State  board  of  health 
shall  also  from  time  to  time  fix  the  limits  of  variability  permissible 
in  any  article  of  food  or  drug,  or  compound,  the  standard  of  which 
is  not  established  by  any  national  Pharmacoposia. 

Section  5. — The  State  board  of  health  shall  take  cognisance  of 
the  mterests  of  the  pubhc  health  as  it  relates  to  the  sale  of  food  and 
drugs,  and  the  adulteration  of  the  same,  and  make  all  necessary 
investigations  and  inquiries  relating  thereto.  It  shall  also  have  the 
supervision  of  the  appointment  of  Public  Analj'sts  and  Chemists, 
and  upon  its  recommendation,  whenever  it  shall  deem  such  officers 
incompetent,  the  appointment  of  any  and  every  such  officer  shall 
be  revoked  and  be  held  to  be  void  and  of  no  effect.  Within  thirty 
days  after  the  passage  of  this  Act,  the  State  board  of  health  shall 
meet  and  adopt  such  measures  as  may  seem  necessary  to  facilitate 
the  enforcement  of  this  Act,  and  prepare  rules  and  regulations  ivith 
regard  to  the  proper  methods  of  collecting  and  examining  articles  of 
food  or  drugs,  and  for  the  appointment  of  the  necessary  inspectors 
and  analj'sts  ;  and  the  State  board  of  health  shall  be  authorised  to 
expend,  in  addition  to  all  sums  already  appropriated  for  said  board, 
an  amount  not  exceeding  ten  thousand  dollars  for  the  purpose  of 
carrying  out  the  provisions  of  this  Act.  And  the  sum  of  ten  thousand 
dollars  is  hereby  appropriated  out  of  the  moneys  in  the  treasury,  not 
other\vise  appropriated,  for  the  purposes  in  this  section  provided. 

Section  0. — Every  person  selhng  or  offering  or  ex))osing  any  article 
of  food  or  drugs  for  sale,  or  delivering  any  article  to  purchasers, 
shall  be  bound  to  serve  or  supplj'  any  Public  Analyst  or  other  agent 
of  the  State  or  local  board  of  health  appointed  under  this  Act,  who 
shall  apply  to  him  for  that  purpose,  and  on  his  tendering  the  value 
of  the  same,  with  a  sample  sufficient  for  the  purpose  of  analysis  of 
any  article  which  is  included  in  this  Act,  and  which  is  in  the 
j)OKsession  of  the  person  selling,  under  a  penalty  not  exceeding  fifty 
dollars  for  a  first  otfence,  and  one  hundred  dollars  for  a  second  and 
subsetpient  offences. 

Section  7. — Any  violation  of  the  provisions  of  this  Act  shall  be 
treated  and  punislied  as  a  misdemeanor ;  and  whoever  shall  imi^edc, 
obstruct,  hinder,  or  otherwise  prevent  any  Analj'st,  Inspector,  or 
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prosecuting  officer  in  the  performance  of  his  duty  shall  be  guilty  of 
a  misdemeanor,  and  shaU  be  liable  to  indictment  and  punishment 
therefor. 

Section  8. — Any  Acts  or  parts  of  Acts  inconsistent  with  the  pro- 
visions of  this  Act  are  hereby  repealed. 

Section  9. — All  the  regulations  and  declarations  of  the  State  board 
of  health  made  under  this  Act,  from  time  to  time,  and  promulgated, 
shall  be  printed  in  the  statutes  at  large. 

Section  10. — This  Act  shall  take  efi'ect  at  the  expiration  of  ninety 
days  after  it  shall  become  law. 
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Absinthe,  392. 

— Adulterations  of,  393. 
,,       — Analysis  of,  393. 
—Effects  of,  393. 
Abstraction  of  the  constituents  of  a 

food,  48. 
Absynthin,  408. 
Acciim,  F.,  37. 

Acetic  acid — Oxidation    of  alcohol 
into,  378. 
, ,      — Value  of,  in  beer,  422. 
Acetic  ether — Production  of,  374. 
Acid— Butyric,  205. 
,,   — C'aproic,  205. 
,,   — Caprylic,  205. 
,,  — Equinic,  221. 
,,  — Lactic,    discovery    of,  by 

Scheele,  200. 
.,         ,,     — Estimation  of,  244. 
.,   -Oleic,  204. 
,,   —Palmitic,  203. 
,,  — Eutic,  206. 
Acidity  of  milk,  244. 
Acids  in  butter — Distillation  of,  299. 
,,   — Fatty,     determination  of, 

299-301. 
, ,   — Volatile  in  milk,  244. 
Acorn  starch,  142. 
Act— Adulteration,  1860,  18. 

„  1860  and  1872, 

26. 
1872,  27. 
1879,  31. 

Adulteration  by  the  Greeks  and 
Komans,  3. 
,,        — Definition  of,  42. 
,,         in  Germany,  15. 
A:;rostemma  as  an  adulterant  of 

Hour,  1.53. 
Air — Examples  of  Jinalysis  of,  532. 
Albumen  in   milk — Estimation  of, 
241. 

Albuminoid  ammonia,  527. 

„        — Substances  in  wine, 
459. 


Albuminoids— Change  of,  into  fat, 
311. 

,,        of  flour,  estimation  of, 
162. 

,,        of  milk,  determation  of 
206-232. 
Alcohol,  369-384. 

,,     — Action  of,    on  benzoyl 

chloride,  376. 
, ,     — Boiling  points  (table) ,  374. 
,,     — Davy's  test  for,  375. 
,,     — Distillation  of,  378. 
,,     —Estimation  of,  373-378. 
, ,  , ,  — In  bread, 

164. 

,,  ,  ,,  — In  milk, 

243. 
—Inspirits, 
378. 

,,     — Ethylic,  369. 

,,  — Groning's  method  of  esti- 
mating by  the  boiling 
point,  374. 

,,      — Hardy's  test  for,  376. 
— Methylic,  381. 

,,  — Oxidation  into  acetic  acid, 
380. 

,,     — Separation  of,  from  or- 
ganic matters,  376. 
,,     — Specific  gravity  table  of, 

371-373.' 
,,     —Tests  for,  374. 
Ale,  400. 
Ale-tasters,  9. 
Alizarin,  36. 

Alkalies — Estimation  iu  the  ash,  of, 
101. 

Alkalinity  of  water — Determination 

of,  528. 
Alkanct  red,  86,  96. 
Almond— Oil  of,  503. 

,,     — Sweet  and  bitter,  503-50G. 
Aloes  purple,  94. 
Aloin,  408. 

Alum— Act  relative  to,  19. 
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Alum  in  bread,  168,  558. 

,,   — Quantitative  determination 
of,  169. 
Alumina  phosphate,  170. 

,,      — Relation  of  alumina  to 
silica  in  bread,  171,  167. 
Aluminium  process  for  the  estima- 
tion of  nitrates,  519. 
American  cheese,  307. 

, ,       condensed  milk,  279. 
Ammonia — Free,  estimation  of,  in 
water,  525. 
, ,      — Albuminoid,  estimation 
of,  in  water,  527. 
Ammonium  chloride  solution,  553. 
Amphioteric  reaction  of  milk,  202. 
Amygdaline,  504. 

,,        essence,  504. 
Amylic  alcohol — Effects  of,  387. 
Angelic  acid,  389. 
Angelica  root,  389. 
Angelicine,  389. 

Anglo-Swiss  condensed  milk,  279. 
Aniline  blue,  96. 
,,     green,  90,  95. 
,,     red,  84. 
„     yellow,  94,  90. 
violet,  96. 
Aiialyst "  Journal,  43. 
Analytical  sanitary  commission,  25. 
Annatto,  507. 

,,     — Adulterations  of,  508. 
,,     — Analysis  of,  509. 
,,     colours,  88,  94. 
Aphthous  fever — Milk  in,  255. 
Apparatus  for  measuring  gases,  531. 
,,       of  various  forms  for  treat- 
ing substances  by  vola- 
tile solvents,  67-70. 
Apple — Compositioa  of,  133. 
Apricots,  133. 

Arachis    oil — Specific    gravity  of, 

511. 
Archil,  96. 

Archimedes'    detection     of  base 

metal  in  Hiero's  crown,  3. 
Aristotle's  ideas  on  milk,  194. 
Arrack,  391. 

Arrowroot,  139-140,  144,  146. 

, ,       — Early  instance  of  adul- 
terated, 37. 
Arsenic  in  cheese  rind,  313. 
Arum  starch,  143. 
Ash,  96. 

„    —Alkalinity  of,  93. 


%^sh  — Determination    of  all  the 
constituents  of,  93, 

,,    of  barley,  176. 

,,    of  beer,  166. 

,,    of  bread,  412. 

„    of  milk,  210,  232,  241. 

,,    of  millet,  181. 

,,    of  mustard,  491. 

,,    of  oat,  175. 

,,    of  pepper,  495. 

,,    of  potato,  182. 

,,    of  rice,  179. 

,,    of  rye  flour,  178. 

, ,    of  sugar,  102. 

,,    of  tea,  336. 

,,    of  wheat,  146. 

,,    of  yeast,  397. 

„    —Soluble,  98. 

,,    — Total  percentage  of,  97. 
Aspergillus  glaucus,  167. 
Asses'  milk,  199,  218,  220. 
Assize  of  bread,  5. 

,,    — Statute  of,  5. 
Averroes — Ideas  of,  on  milk,  194. 
Avicenna's  ideas  on  milk,  194. 

Bacteria,  542. 

,,       in  bread,  167. 
Bakers'  Act,  1836,  19. 

, ,     frauds  in  the  fourteenth  cen- 
tury, 7. 

Bakers  in  the  time  of  Pliny,  4,  5. 
Baking — Changes  which  the  flour 

undergoes  in,  164,  165. 
Banana  starch,  144,  146. 
Barium  chromate  in  sweets,  127. 
Barley,  176,  402. 

Barley  and  malt — Composition  of, 
401. 

Barley  bread,  177.  3 

„     starch,  142,  144,  146,  175. 
Bartholomew  Martin,  195. 
Bartoletus,  32. 

„        — Treatise  on  milk  by, 
195. 

Bavarian  beers,  400. 
Beans,  141,  146,  192. 

,,     in  flour,  158. 
Beaume —Determination  of  salt  in 

milk,  199. 
Beech  leaf — Description  of,  324. 
Beech-nut — Specific  gravity  of  oil, 

511. 
Beer,  398-437. 

,,    — Analysis  of,  412. 
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Beer — Ash  of,  412. 

,,  ,,       — Determination  of, 

434. 

,,    bitters,  404. 

,,    andporter— Acts  relative  to,20. 
,,    — Exti-act  of,  415. 
, ,    — Fraudulent  i^ractices  of  early- 
brewers,  S. 
,,    — Original  gravity  of,  423, 
,,    — Sour  ferments  of,  39S. 
„    — Volatile  and  fixed  acids  of, 
414. 
Beeswax,  131. 
Beet  sugar — Ash  of,  107. 

,,       — Composition  of,  109. 
Benzoyl  chloride — Action  on  alcohol 
of,  37G. 

Bethall's  patent  process  for  milk,  2G3. 
Battel's  process  for  the  combustion 

of  a  water  residue,  539. 
Bibliography — General  treatises  on 
food  adulteration,  43. 
,,  relative  to  almonds,  506. 

,,  ,,       beer,  437. 

,,  ,,       bread  and 

flour,  172. 
,,  ,,       coifee,  357. 

milk,  284. 
,,  ,,       mustard,  491. 

,,  ,,       pepper,  500. 

,,  ,,       starches,  146. 

) }  J  y       i^BHij  34-1, 

,,  ,,       vinegar,  480. 

,,  ,,       wine,  473. 

Bilberry,  133. 

Biological  processes  for  the  exami- 
nation of  drinking  water,  540. 

Bismuth — Detection  of,  in  milk, 
273. 

Bitch's  mUk,  223,  226. 

„         — Influence  of  food  on, 
267. 

Bitter  principles  in  milk,  212. 

Bitters  used  in  beer,  42G. 

Blackberry,  133,  136. 

Blood  in  milk,  229. 

Blue  colours,  06. 

Blue  milks,  230,  258. 

Bocrhave's  views  on  milk,  195. 

Boheic  acid,  318. 

Bohemian  tea,  340. 

Boisbcaudran's  method  of  obtaining 

spark  spectra,  79,  80. 
Bollinger's  experiments  ou  tubercle, 

253.' 


Borax — Detection  of,  in  milk,  263. 

Bottger,  B. — Estimation  of  glucose 
in  presence  of  cane  sugar,  185. 

Boussingault's  analysis  of  the  secre- 
tion of  the  milk  tree,  225. 

Boutrou,  Charlard,  40. 

Boyle,  Hon.  Robert,  33. 

Brains — Adulteration  of  milk  with, 
259. 

Brandy,  384. 

Brasileiue,  88. 

Brasiline,  87. 

Brassier's  analysis  of  cheese,  311. 
Brazil  wood,  94. 

, ,        in  wine,  469. 
Bread,  164-172. 
,,     Acts,  19. 

,,     —Adulteration  of,  167. 
,,  ,        ,,  with  iron,  8. 

,,     — Black,  digestibility  of,  166. 
,,     —Mean  composition  of,  166. 
,,     —Old   German  regulations 
relative  to,  16. 
Breeds  of  cows  most  approved  by 

cow-keepers,  273. 
Brewing — Water  used  in,  508. 

,,      frauds,  38. 
Bromine  in  water,  517. 
Brucke,  E. — Estimation  of  glucose 

in  presence  of  cane  sugar,  105. 
Buckwheat,  145,  146. 
Bunsen's  valve,  99. 
Bussy,  A.,  40. 
Butter,  285-304. 

—Analysis  of,  288-303. 
, ,  , ,         of  insoluble  fatty 

acids,  302. 

„     —Ash  of,  289. 
,,     — Bibliography  relative  to, 
304. 

,,     — Examination  of  adulter- 
ated, 289. 
,,     fat,  289. 

,,       ,,    — Analysis  of,  291. 

,,  ,,  —  Decomposition  of, 
into  fatty  acids  and 
glycerine,  297. 

„       ,,    —Patterns  of,  290. 

,,     — Legal  case  relative  to,  303. 

,,      —Melting-point  of,  294, 

,,  — Old  French  regulations 
regarding,  14. 

, ,     —Proximate  analysis  of,  288. 

,,  —Titration  of  by  alcoholic 
potash,  296. 
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Butter— Water  in,  289. 
Butterine,  286. 

„       —Melting-point  of,  294. 
—Pattern  of,  291. 
Buttermilk,  304. 
Butyric  acid,  205. 

,,         — Law  of  distillation 
of,  450. 

Butyrin,  205. 
Butyro-lutein,  212. 

Caffeine— See  Tlieine. 
Caffeo-tannic  acid,  345. 
Calamus  root,  388. 
Calcic  chloride — Standard  solution, 
553. 

Calumba  root,  141. 
Camel's  milk,  222. 
Camellia  sassanqua,  325. 
Camembert  cheese,  306. 
Cane  sugar,  103. 
Canna  arrowroot,  139,  144. 
Caproic  acid,  205. 
Caproin,  205. 
Caprylic  acid,  205. 
Caprylin,  205. 
Ca|)saicin,  501, 
Capsicin,  501. 
Capsicol,  501. 
Caramel,  93. 
Caramelane,  93. 
Caramelin,  93. 
Carameline,  93. 

Carbazotic  acid— See  Picric  acid. 
Carbon — Estimatiou    of,   in  water 

analysis,    530,    535,  536, 

539. 

,,     — Organic  estimation  of,  in 
water,  528-539. 
Carbonic  acid  in  ash,  99. 

,,  in  beer,  414. 

Cardamoms — Oil  of,  388. 
Carmine  green,  95. 

red,  S3. 
Carminic  acid,  S3. 
Carthamic  acid,  87. 
(Jarthamine,  87. 
Caseine,  200,  206. 

,,      — Separation    and  deter- 
mination of,  242. 
Caspar  Neumann,  37. 
Cassia — Seed  of,  in  coffee,  355. 
Cassamajor's  method  of  detecting 

starch  sugar  in  cane,  106. 
Cassava,  145. 


Catechu — Detection  of,  in  tea,  33J>, 

340. 
Cat's  milk,  224. 
Cayenne  pepper,  500-503. 

,,  — Adulterations  of, 

147. 

Cerealin,  147. 
Certificate  of  analyst,  58. 

, ,  received  as  evi- 

dence, 60. 
,,  as  to  adulter- 

ated milks, 
261. 

Chatin's    method    of  determining 

iodine  in  water,  517. 
Cheddar  cheese,  307. 
Cheese,  305-313. 

,,     — Adulteration  of,  312. 

,,     — Analysis  of,  312. 

,,     — Eipeuing  of,  310. 
Cherries,  133. 
Chestnut,  142. 
Chevallier's  Dictionary,  41 . 
Chicory — Adulterations  of,  23. 

,,  — -Analysis  of,  350. 

,,     — Detection  of,  349-354. 

,,     — Influence  of,  when  mixed 
with  coffee,  350,  351. 

,,     — Treasury   miniite  as  to, 
22. 

Chinese  peas,  191. 
Chlorine  in  ash,  98. 

,,      in  coffee  and  chicory,  354. 
— Estimation  of,  in  water, 
516. 

Chloroform — Process  for  the  separa- 
tion of  alum  from  fiour,  159. 
Chocolate,  359. 

,,        — Adulterations  of,  367. 

—French,  360. 
,,        — Spanish,  360. 
—Vanilla,  360. 
Cholesterine  in  beans,  193. 
, ,        in  butter,  1 86. 
in  milk,  239. 
Chromic  acid  as  a  test  for  alcohol,. 

395. 
Chuno,  184. 
Cigar  ash,  321. 

Citric  acid  juices— Analysis  of,  481. 
Clark's  patent  process  for  milk  pre- 
servation, 265. 
Clarke's  soap  test. 

Clausnizcr  and  Mayers  process  of 
milk  analysis,  238. 
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Clausnizer's  ether-extractiug  appar- 
atus, 67. 

Classes  of  water,  552. 

Cnicin,  409. 

Cochineal,  83,  470. 

Cocoa— Adulterations  of,  36G. 
,,   and  chocolate,  358-367. 

—  Bibliography 
relative  to,  3C7. 
,,   —Ash  of,  35,  363. 
,,   butter,  366. 

,,       ,,     — Melting-point  of,  294. 
,,   — Epps's,  359. 
,,   — Essence,  359. 
,,    — Granulated,  359. 
,,    — Homeopathic,  359. 
,,   — Maravilla,  359. 
,,   — Microscopical  characters  of, 
358. 

,,   — Nitrogenous  constituents  of, 
365. 
Coffee,  343-357. 

—Acts  relative  to,  21,  22. 
, ,      — Adulterations  of,  23,  349. 
,,      — Analysis  of,  348. 
,,      — Bibliography  relative  to, 
357. 

,,      — Chemical  changes  during 

roasting,  344. 
,,       — Chicory,  density  of  in- 
fusions of,  353. 
•,,       —Composition  of  commer- 
cial varieties  of,  347. 
,,      — Constituents,  345. 

fat,  .347,  349. 
,,      infusion — Specificgravityof, 
3.52. 
—  Oil  of,  347. 
,,       —Soluble  ash  of,  351. 
, .       — Treasury  minute  as  to,  24. 
Coffin's  food  for  infants,  173. 
Cohesion  figures,  292. 
Cohn's  classification  of  bacteria,  .543. 
Cohnheim's  experiments  on  tuber- 
culosis, 2.53. 
Colchicine  in  milk,  272. 
Cold — Action  of,  on  milk,  26G. 
College  of  Physicians  in  the  fifteenth 
century- Inspection  of  food,  &c., 
by,  1 1. 

Cologne — Adulteration  of  wine  in 

1451,  17. 
Colostrum  cells,  229. 
Colour  and  colouring-matters,  81,  96, 

,,  of  sweetmeats,  126. 


Colour  of  water,  514. 

,,     of  wine,  460,  472. 
Colza  oil — Specific  gravity  of,  511. 
Committee— Select,  1856,  24. 

„      1874,  28. 
Concrete  sugar — Analysis  of,  110. 
Cones,  168. 

Confectionery,  sweetmeats,  82,  125. 
Confervaj  in  water,  542. 
Copper,  26. 

,,      in  milk,  211. 

„     in  peas,  188,  189. 

,,      in  vegetables,  26. 

,,     sulphate  in  bread,  157- 

,,      sulphate  solution,  553. 

,,     zinc  couple,  519. 
Coralline,  86,  94. 
Coriander  oil,  390. 
Corn — Adulteration  of,  3. 

,,    -cockle  in  wheat,  153. 
Cotton-seed  oil — Speciti  c  gravity,  511. 
Cream,  275,  279. 

,,     — Artificial,  277. 

,,     cheese,  306. 
Ci'eighton,  Dr.  C. — Views  on  tuber- 
culosis, 254. 
Crime  in  eleventh  and  twelfth  centu- 
ries, 5. 
Crouch  V.  Hall,  55. 
Cura(;oa,  392. 

Curcuma  arrowroot,  139,  144. 
Curcumin,  88. 
Currant,  133,  13(1. 

Daai,son.s,  1.33. 

Daphnin,  409. 

Dari  starch,  141. 

Darnel,  154. 

Date  coffee,  350. 

Davy's  test  for  alcohol,  375. 

"Death  in  the  I'ot,"  37,  39. 

Deputy— Aiipointraent  of,  by  inspec- 
tor, 56. 

Desmids  in  water,  .542. 

Devon  cream,  27(>. 

De.xtrine — Detection    of,    in  cane 
sugar,  106. 

Dextrose,  103,  11. 

Diarrha'a  caused  by  milk,  272. 

Dioscoridcs,  4. 

Distilled  water,  513. 

Donne,  '.W. 

,,      — Cours  Microscopiquc,  19."). 
,,     — Method  of  detecting  potato 
starch,  155. 
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Donny's  test  for  butter,  293.  I 
Doorschodt — Analyses  of  milk,  197.  ! 
Dragendorff 's  process  as  to  beer, 
427-430. 

Dripping — Melting-point  of,  294. 

Druggists— Old  position  and  regula- 
tions of,  11,  14. 

Drugs — Adulteration  of,  47. 
,,    — Com])ounded,  48. 
,,    — Old  German  regulations  as 
to,  18. 

Duclaux's  method  of  distilling  vola- 
tile acids,  449-458. 

Dumonchaux  on  milk,  197. 

Dunlop  cheese,  307. 

Dupre  and  Hake's  method  of  esti- 
mating minute  quantities  of  car- 
bon, 536. 

Duprd's  experiments  on  the  separa- 
tion of  alum  from  flour, 
159. 

,,  process  for  detecting  the 
colouring-matter  of  wine, 
461. 

Eheenbeeg's  "Infusorial  Life,"  36. 
Elaidin  test,  511. 

Ender's  process  of  detecting  bittei- 

principles  in  beer,  430. 
Eosin,  86. 
Epps's  cocoa,  359. 
Ergot  in  flour,  154. 
Erucic  acid,  511. 
Erythrophyll,  91. 

Ethers— Estimation  of,  in  wine,  458. 
Extract  of  tea,  335. 

Facing  of  tea,  323,  340. 

False  warranty,  61. 

Farinaceous  food  for  children,  173. 

"Fear"  milk,  259. 

Fehling's  solution,  113. 

— Soxhlet's  method  of  using, 
118. 

Fermentation — Alcoholic,  394. 

,,         fermented  liquors,  394- 
398. 

Ferrous  chloride  solution,  553. 
Fish — Experiments  on,  as  a  part  of 

water  analysis,  547. 
Flavin,  95. 
Flour,  148-1G3. 

,,     — Acts  relative  to,  30. 

,,     — Adulterations  of,  154. 

,,     —Analysis  of,  152-163. 


Flour  and  bread — Early  French  re- 
gulations relative  to,  13. 

,,     — Cold  extract  of,  161. 

„     —Fat  of,  161. 

,,     —Legal  case  relative  to,  163. 

,,  — Millon  and  Kekule's  ana- 
lysis of,  149. 

,,     —Nitrates  in,  149,  150. 

,,  — ISIitrogenous  constituents  of, 
149-156. 

,,     — Physical  characters  of,  148. 
,,     — Proximate  analysis  of,  161- 
163. 

, ,     — Water  in,  estimation  of,  161. 

Food — Influence  of  milk  on,  267. 

Forchammer  process  in  water  analy- 
sis, 523. 

Fore  mUk,  217,  283. 

Formic  acid,  383. 

, ,  and  Acetic  Acids  (tables),  455. 
,,  „    — Distillation  of,  451. 

Fousel  oil  in  whisky,  386. 

— Efl"ects  of,  387. 

France— Adulteration  in,  12. 

FraiLkfort  on  the  Maine — Method  of 
punishing  fraudulent  vintners,  17-. 

Frankland's  combustion  process,  528. 

French  bakers — Frauds  of,  12. 

French  chocolate,  366. 

Friedrich,  J.  B. — Ti-eatise  on  adul- 
teration, 40. 

From  age  de  brie,  306. 

Fuchsiue,  84. 

„       — Detection  of,  in  wine, 
462,  417. 

Fungi  in  bread,  1 67. 

Fustet,  95. 

Fustic,  89,  95. 

GalacTine,  212,  242. 
Galactose,  116,  210. 
Galangal,  141. 
Gamboge,  89. 

,,       as  an  adulterant  of  mus- 
tard, 491. 
Gamier  and  Harel's  treatise  on  adul- 
teration, 40. 
Gas  apparatus,  531. 
Gases  of  milk,  214. 
Gauticr,  A. — Preparation  of  crystal- 
lised chlorophyll,  90. 
Method  of  detecting  col- 
ouring agents  of  wine, 
464. 

Geissler's  vaporimeter,  378. 
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Gelatine  process  for  the  detection  of 

alum,  168,  558. 
Gentianin,  410. 
Gentiogeuin,  411. 
Gentipicrin,  411. 
GeoftVoy,  197. 

Gerber  and  Go's. condensed  milk,  17o. 
Gerber's  lacto-leguminose,  173. 
Gerlach's  experiments  on  tubercle, 
•253. 

German  guilds,  16. 

Germs — Cultivation  of,  in  water,  546. 

Gesner's  analysis  of  milk  secreted  by 

infants,  226. 
Gibson  v.  Leaper,  49. 
Gin,  388-391. 

,,    — Analysis  of,  390. 
Ginger,  141. 

,,     — F.  Eedi's  experiments  on, 
33. 

Gliadin,  152.  ' 

Gloucester  cheese,  307. 

Glucose — Detection  of,  in  sugar,  105. 

Gluten -caseine,  150,  151. 

,,      fibrine,  150,  151. 
Glycerine  as  an  adulterant  of  milk, 
263. 

,,      — Estimation  of,  in  wine, 
446. 

„      — Pasteur's  method  of  esti- 
mating, in  wine,  394. 
Goat— Male,  milk  of,  227. 
Goats'  milk,  221. 
Gooseberry,  133. 

Goose— Milk-like  secretion  of  glands 

of,  224. 
Gorgonzola  cheese,  309. 
Granulated  cocoa,  359. 
Granulose,  136. 
Grape  juice — Analysis  of,  438. 
Grapes,  133. 
Green  colours,  90,  95. 
(irimwade's  patent  process  for  milk 

preservation,  265. 
Groning's  method  of  ascertaining  the 

strength  of  8[)irit3,  374. 
Gruyftre  cheese,  309. 
Gum — Determination  of,  3.39. 

H/EMA.TEIN-,  87. 

Hematoxylin,  87. 

Jlager's  method  of  analysing  butter, 
293. 

Hager's  method  of  analysing  cofifee, 
354. 


Hager's  method  of  analysing  tea, 
339. 

Halogens  —  Determination    of,  in 

water  analysis,  516. 
Hammersten  on  caseine,  206. 
Hardness  of  water — Determination 
of,  527. 

,,  ,,         — Tables  of,  555, 

556. 

Hardy's  test  for  alcohol,  376. 
Hassall,  Dr.,  25,  42. 
Hawthorn  leaf— Description  of,  324. 
Heisch's  test  in  water  analysis,  546. 
Hippopotamus — Milk  of,  222. 
Holt'man's  experiments  on  milk,  200. 
Hoffman's  violet,  96. 
Hog-bean  starch,  146. 
Hollyhock  as  an  adulterant  of  wine, 
471. 

Homreopathic  cocoa,  359. 

Honey,  128-131. 

Honey  ant,  12S. 

Hooke,  Dr.,  36. 

Hop-cones — Ash  of,  405. 

Hoppe-iSeyler's  analysis  of  chloro- 
phyll,  91. 
.,  — Views  on  milk  glo- 

bules, 202. 

Hop-resin   and  glycerine — Estima- 
tion of,  425. 

Hops,  405. 
,,    —Oil  of,  407. 

Horde  v.  Scott,  56. 

Horsford  -  Liebig  bread  —  Digesti- 
bility of,  166. ' 

House's  patent  milk,  2()7. 

Human  milk  in  disease,  24C. 

Bureaux,  42. 

Hydrocarotin,  389. 

IcE-coATrN(i  of  cakes,  I2(). 
Indican,  92. 
Indiglucin,  92. 
Indigo,  92,  96. 

„     as  an  adulterant  of  wine,  47 1. 

,,     disulplioiiic  acid,  92,  95. 

,,     mon()suli)lionic  acid,  92,  95. 

,,     method   of  determining  ni- 
trates in  water,  521. 

,,     — Spectrum  of,  93. 

,,     sul)  ill  uric  acid,  96. 
Invert  sugar,  1 15. 
Iodine  in  milk,  211. 

,,     — Determination  of,  in  water, 
517. 
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Iodoform— Production  of,  375. 
Iron  filings  in  tea,  322. 
Isatin,  92. 

Jacoby's  method  of  detecting  ergot  ! 

in  flour,  154. 
Jam,  132. 

Jellet's  saccliarimeter,  124. 
Juniper — Oil  of,  390. 

Kakodyl — Production  of,  in  test- 
ing for  alcohol,  370. 
Kermes,  94. 

Klebs'  experiments  on  tubercle,  253. 
Knapp's  mercuric  cyanide  solution, 

114,  116-118. 
Kreatine  in  milk,  213. 
Koettstorfer's  test  for  butter,  29C. 
Koumiss,  280. 

Label  clause,  in  Sale  of  Food  and  i 
Drugs  Act,  48,  49.  i 
,,     — False,  61. 
Lac- dye,  94. 
Lactic  acid,  225. 

„     fermentation,  225. 
Lactide,  245. 
Lacto-chrome,  212. 
Lacto-leguminose,  173. 
Lacto-proteine,  211. 
Lager  beer,  400. 
Lambick  beers,  400. 
"Lancet"  Sanitary  Commission,  25. 
Lard— Melting-point  of,  294. 
Laugier's  method  of  determining 

sugar  ash,  102,  111. 
Lead  in  wine,  IS. 
Leaves — Colouring-matters  of,  91. 
,,     —New  microscopical  process 
for  examining,  320. 
Lecanu's  method  of  separating  le- 

gumin  from  flour,  157. 
Lecanu's  method  of  separating  starch 

from  floiir,  155. 
Leeuwenhoek,  A.  Van,  34. 

, ,  — Observation  s 

on  milk,  &c., 
195. 

Legal  case  relative  to  butter,  343. 
„  „        gin,  391. 

,,        milk,  281. 
„  ,,        peas,  190. 

whisky,  388. 
)>  ,,        wine,  473. 

Legumin  in  wheat,  186,  188. 


Leguminous  starches  iu  wheat  flour, 
156. 

Lemon  and  lime  juice,  480. 

Lemons,  135. 

Lentils,  192. 

Lermer's  lupulite,  406. 

Levulose,  103,  112. 

Licheustein's  treatise  on  milk,  198. 

Liddiard  r.  Reece,  49. 

Liebig's  child  souj),  173. 

Lignac's  ]  latent  milk — Process  for 

preserving,  265. 
Lime  juice— Analysis  of,  482. 
Lit|ueurs,  392. 
Litmus,  93. 
Llama— Milk  of,  222. 
Logwood,  87,  96. 

,,       as  a  colouring  agent  of 
wine,  470. 

,,       as  a  test  for  alum,  159, 
160. 

Lolium  tcmulentum,  154. 
Liiweuthal's  process  for  tannin  esti- 
mation, 333. 
Lu]iin  seeds  in  coftee,  355. 
Lupulic  acid.  407. 
Lupnliu,  407. 
Lupulin  and  lupulite,  405. 
Lj'chnis  cithago  in  flour,  153. 

Madder,  86,  94. 
Magenta,  94. 

Magnesia — Spectroscopic  test  for,  86. 
Maize,  142,  145,  146,  180. 
Malic  acid— Estimation  of,  in  wine, 
457. 

Malt-e.\-tract,  401-415. 

,,        — SpeciHc    gravity  of, 
416-419. 

Malt— Pale,  composition  of,  403. 
Maltose,  116,  404. 
Manganese  in  tea,  322. 
Mammitis— Milk  in,  248. 
Mannite,  130. 
MaraviUa  cocoa,  359. 
Marmalade,  135. 
Mate,  343. 

,,    — Physiological  action  of,  343. 
Mauve,  96. 
Meal— Musty,  6. 

Measurements    of    objects  under 

microscope,  74. 
Medical  oHicer  of   health  taking 

samples,  54. 
Meggeuhofeu's  analysis  of  milk,  219. 
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Melampyrum  arvense  as  an  adulter- 
ant of  wheat,  153. 
Melting-point  of  butter  fat  and  other 

fats,  294. 
Meuyanthin,  411. 
Mercury  pump,  7'2. 

,,      — Use  of,  in  water  analysis, 
530. 

Metals  in  milk,  272. 
Meta-jihenylenediamine,  553. 

,,    phosphoric  .ncid,  553. 
Methyl  aniline  violet— Production  of, 

382. 

Methyl  oxalate— Production  of,  382. 
Methylic  alcohol — Detection  of,  381. 
Micro-chemistry,  74. 
Micrometer  eyepiece,  73. 
Microscope,  73. 

,,        — Influence  of  invention 
of,  34. 
Micro-spectroscope,  75. 
Milk,  194-284. 

,,    — Abnormal,  225. 
,,    — Adulteration  of,  258. 
,,  ,,  by  cane  sugar, 

253. 

,,    —Albuminoids  of,  200. 

,,  ,,  and  ash,  deter- 

mination of, 
232. 

,,    — Amphioteric  reactiou  of,  227- 

240. 
„    ash,  210. 

,,      ,,    — Determination  of,  203. 
,,    — Average     composition  of, 
214. 

,,    — Bibliograpliy    relative  to, 
283. 

,,    — Bitter    principles  derived 

from  plants,  272. 
,,    case     (legal)  —  Defence  of 

"rain,"' 283. 
,,    — Certilicates  rel.itivc  to,  201. 
,,    — Condensed,  279. 
,,    — Decomposition  of,  257. 
,,    —Diseased,  224.  283. 
,,    — Early  tests  for  purity  of,  9. 
,,    —Examination  of,  228. 
„    fat,  203. 

,,     ,,   —Analysis  of,  2.39. 

,,     ,,   — Extraction  of,  232. 

„    —"Fore,"  283. 

,,    —Gases  of,  214. 

,,    — Gcnerabanalysis  of,  231. 

,,    gland— Chemistry  of,  201. 


Milk— Globules  of,  201. 

,,        —  ^Vhether  they 
have    a  mem- 
brane ?  202. 
— Historical  notices  of,  194- 
200. 

-like  secretion  of  Ijirds  and 

plants,  224. 
— Method  of  detecting  cane 

sugar  in,  262. 
— Microscopical  characters  of, 
231. 

— Xew,  manufacture  of,  from 

condensed,  282. 
— New  form  of  disease  pro- 
duced by  milk,  25C. 
of  ass,  199. 
of  bitch,  22.3. 
of  camel,  22. 
of  cat,  224. 

of  cows  suffering  from  aphthous 

fever,  247. 
of  cows  suffering  from  disease 

of  udder,  251. 
of  cows  sufFering  from  engorged 

rumen,  249.  " 
of  cows  suffering  from  par- 
turient apoplexy,  248. 
of  cows  suffering  from  phthisis. 
249. 

of  cows  suffering  from  pneu- 
monia, 249. 
of  cows  suffering  from  tviihus, 
251. 

of  goat,  200,  221. 
of  hippopotamus,  222. 
of  infants,  225. 
of  llama,  222. 
of  mare,  221. 
of  sheej),  222. 
of  sow,  223. 
of  woman,  199,  200. 
—Penalty  for  refusing  to  sell 

samples  to  inspector,  54. 
— Preservation  of,  204. 
—  Pro|)agation      of  disease 

through,  251. 
-(Quantity  yielded  by  cows, 
273. 

—Samples  of,  taken  in  transit, 
55. 

—Skim,  277. 
— Skimming   of,  2(52 


case,  281. 
standards,  200. 
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Milk  sugar,  115,  209. 
,,       ,,     — Estimation   of,  234, 
240. 

„    —Total  solids  of,  202. 

„    tree,  225. 
Milking  cows — Pood  of,  274. 
Millet,  18. 

,,      starch,  145,  14C. 
Mitchell,  John,  41. 
Mitscherlich's  polarising  sacchari- 

meter,  120. 
Molasses,  131. 

Molybdic  acid  solution,  553. 
Moriue,  89. 
Moritannic  acid,  89. 
Mucedin,  151. 
Mucor  mucedo,  167. 
Mulberry,  133. 

MuUer's  process  of  milk  analysis, 

237. 
Must,  438. 
Mustard,  484,  491. 

,,       — Adulteration  of,  489. 

,,       —Chemistry  of,  486. 

,,       —Microscopical  characters 
of  seed,  484. 
Mutton  fat— Melting-point  of,  294. 
Myronate  of  potash,  488. 
Myrosin,  487. 

Naphthaline  red,  86. 

,,         yellow,  94,  95. 
Nessler  solution,  554. 

,,     test  in  water  analysis,  525. 
Nestles'  biscuit  food,  173. 

,,      Swiss  milk.  279. 
Neufchatel  cheese,  305. 
Neumann,  Caspar — Observations  on 

milk,  200. 
Newton's  patent  process  for  preserv- 
ing milk,  265. 
Nitrates — Estimation  of,  in  pepper, 
496. 

,,      — Estimation  of,  in  water, 
518. 

Nitrites  in  water,  522. 
Nitro-bcn/iue— Detection  of,iu  bitter 

almonds,  505. 
Nitrogen — Table  for  reduction  of 
cc.'s  to  grammes,  557. 
,,      in  tea,  331 . 
,,      in  water  —  Determination 
of,  533. 
Normandy,  Alphonse,  25,  41. 
Norwegian  condensed  milk,  279. 


Notices  on  shops,  etc.,  relative  to 

purity  of  articles,  51. 
Nuclein,  208. 
Nutmeg  starch,  141. 
Nut  oO,  511. 

Oatmeal,  174,  175. 

,,       — Adulteration  of,  176. 
,,  ,,  with  bar- 

ley, 139. 

—Fat  of.  175. 
,,       — Gliadin,  175. 
Oat-starch,  14.3,  145. 
Q5nocyanui,  460. 
CEnolin,  460. 

Oidium  aurautiacum,  167. 
Oil— Angehca,  389. 
,,  — Fixed,  of  mustard,  488. 
,,  of  almonds,  503. 
,,  of  cardamoms,  389. 
, ,  of  coriander,  390. 
,,  of  mustard,  489. 
,,  of  olives,  509. 
,,  of  pepper,  494. 
,,        ,,       — Estimation  of,  491. 
,,  of  rice,  178. 
Olein,  204. 
Olive  oil,  509-512. 

,,       — Adulteration  of,  509. 
,,       — Chemical  tests  for,  511. 
,,       — Specific  gravity  of,  511. 
,,       — Sjiectrum  of,  510. 
Oranges,  135. 
Orelhn,  88. 
Orris  root,  141. 
Ox  fat— JNIelting-poiut  of,  294. 
Oxygen  absorbed  by  mQk,  216. 
,,     in  water,  523. 
.,     j)rocess  —  Standard  solution 
for  determiuing,  523,  554. 

Pachykiiizus  angulatus,  145. 
Pale  ale,  400. 
Palladium  solution,  554. 
Pahnella  prodigiosa,  167. 
Palmitic  acid,  203. 
Palmitin,  203. 

Panthaleon's  views  on  milk,  194. 
Paraffin— Patterns  of,  291. 
Parmesan  cheese,  309. 
Parturient  apoplexy — Milk  in,  248. 
Patterns  of  fats,  290. 
Pavy's  method  of  su^ar  titration, 
120. 

Pea  cheese,  191. 
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Pea  soup,  Germau,  1S7. 

Pea  tablets,  German,  187. 

Peach,  133. 

Pear,  133. 

Pearl  barley,  17(). 

Peart  v.  Edwards,  59. 

Peas,  186-187. 

,,    — Poisoning  by  putrid  pre- 
served, 188. 
Pepper,  4'J2-499. 

,,      — Adulteration  of,  497. 

,,      — Analysis  of,  490. 

,,      — Ash  of,  495. 

,,      — Bibliograiihy  relative  to, 
500. 

,,  ■ — General   composition  of, 
496. 

, ,      — Legal  case  relative  to,  498. 
,,  ■ — Nitrates  of,  495. 
„     —Oil  of,  495. 
,,      — Piedi's    experiments  on, 
3.3. 

,,      —Starch  of,  144. 
,,      — Structure  of,  493. 
,,      — Varieties  of,  492. 
Pepperers  or  spicers  —  Regulations 

relative  to,  10. 
Peppermint  drops,  125. 
Perkins  —  Distillation  of  volatile 

fatty  acids,  301. 
Permanganate  alkaline,  527,  554. 

,,  process,  523. 

Peronospora  infestans,  183. 
Phaiophyll,  91. 

Pharmacopa'ias —  iOstablishment  of, 
11-18. 

Phosphates  in  the  ash,  98,  100. 

,,        in  cocoa  ash,  98,  100. 

,,        in  water. 
Phosphorus — Organic,  in  milk,  239. 
Photography,  80,  81. 
Phthisical  milk,  249,  250. 
Phyllocyanine,  90. 
Phyllo.xanthine,  90. 
Picric  acid,  88,  94,  95,  432. 
Picrotoxin — Detection  of,  431. 
Pigeon — Milk-like  accretion  of,  224. 
Pipcric  acid,  494. 
Piperidin,  494. 
'Piperin,  494. 

Placitus'  views  on  milk,  194. 
Playfair's  experiments  on  the  feeding 

of  cattle,  268. 
Pliny,  4. 
Plum,  133,  134. 


Polarimetric  estimation  of  sugar, 

120-125. 
Police  des  commissaires,  12. 
Poison's  patent  flour,  174. 
Potassium  iodide  solution,  554. 

, ,       monochromate  —  Solution 

of,  554.  ^ 
, ,       permanganate  —  Solirtatm 
of,  554.  C 
Pope  V.  Turle,  50. 
Poppy  oil — Specific  gravity  of,  511. 
Porter — Composition  of,  &c.,  399, 
400. 

Potato— Analysis  of,  184. 

„    fungus,  182-185. 

,,    starch   as  an  adrdterant  of 
wheat  flour,  155. 
Power,  Dr.  Hy.,  36. 
Prejudice  question,  29-31,  47. 
Private  ])urchase  of  samples,  54. 
Proof  spirit,  133. 

Propionic  acid — Distillation  of,  451. 
Prosecution  of  offenders  against  Sale 

of  Food  and  Drugs  Act,  59. 
Prunier's    method    of  separating 

coff'ee  from  chicory,  354. 
Prussian  blue,  96. 

Pnljlic   analyst  —  Appointment  of, 
52. 

Public  Analysts'  Society,  42. 
Purchase  of  samjiles,  53,  56,  62. 
Purple  cow  wheat,  152. 
Piirpuriiie,  87. 

,,        as  a  test  for  alum,  161. 

Railwav     Station  —  Taking  of 
samples  at,  (i3. 

ilaspberry,  133,  1.3<;. 

iiectilicd  spirit,  370. 

Red  bread  fungus,  167. 

Redi,  Francesco,  32. 

Refusal  to  sell,  50,  55. 

Reichort's  process  for  saponifying 
butter,  300. 

Reports— Quarterly,  of  analyst,  59. 

Rhinanthin,  153. 

Riii/.opus  nigricans,  167. 

Rice,  178-179. 
,,    starch,  143,  145,  146. 

Riddle's  patent  process  for  the  pre- 
servation of  milk,  266. 

Ridge's  food,  1 73. 

Kininan'a  green,  92. 

Ritthausen's  copper  ]iroccss  for  the 
analysis  of  milk,  236. 
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Eobine's    method    for  detecting 

potato  starch  in  wheat  flour,  156. 
Hobine's  method  for  estimating  the 

value  of  flour,  1G2. 
Rodiguez's    method   of  examining 

flour,  158. 
Rook  V.  Hopley,  60. 
Roquefort  cheese,  306. 

,,  ,,     — Ripening  of,  311. 

Rosauiline,  SI. 
Rosocyanin,  88. 
Rousseau's  diagometre,  510. 
Rum,  385. 
Rutic  acid,  20C. 
Rye,  177,  178. 

,,  bread,  178. 

,,     ,,    — Digestibility  of,  105. 

,,  —Fat  of,  177. 

,,  flour,  177. 

,,  starch,  142,  144. 

SACCHARiitOTKE  ii  Penonibres,  125. 
Sacchse,  A.  — Solution  for  the  esti- 
mation of  sugar,  114. 
SatHower,  87,  94. 

Saffron — Old  penalties  for  adulterat- 
ing, 16. 
Safranine,  86. 
Sago  starch,  142,  145,  146. 
Saiadin  of  Ascala,  32. 
Sale  of  Food  and  Drugs  Act,  47. 

Text  of 
55'J. 

Salicylic  acid,  2G3. 
Salt  in  beer,  408. 

, ,        — Determination  of,  434. 
Sample — Division  of,  into  parts,  57. 
,,     — Transmission  through  the 
post,  57. 
Sande,  J.  B.  Vanden,  33. 
Sandys  r.  Small,  51. 
Santalin,  SS. 
Saphro]ihiles,  544. 
Sa]>ouin,  153. 

Scheele— Discovery  of  lactic  acid, 
200. 

Scheibler's  method  of  detecting  dex- 
trine in  sugar,  106. 

Sclu)ep[l— ]']x|)criments  on  milk,  199. 

Schiitzenberger  on  the  decomposi- 
tion of  caseine  by  baryta,  207. 

"Search  after  claret,"  10. 

Sechium  starch,  145. 

Section  cutting,  74,  75. 

Sesame  oil— Specitic  gravity,  511. 


Sewage  farm— Influence  of,  on  the 

milk,  272. 
Sheep's  milk,  222. 

Silver  nitrate — Standard  sobition  of, 

554. 
Sinalbin,  487. 
Siuapin,  486. 
Skeleton  ashes,  321. 
Skim  cheese,  309. 

„    milk,  277. 
Sloe,  325. 

Smell  of  water,  514. 

Smethan's  method  of  determining 

the  organic  elements  of  water,  535. 
Smith,  l3r.  L. — Microscope,  73. 
Soap — Standard  solution  of,  554. 
Sodic  nitrite — Solution  of,  555. 
Sodium  chloride— Solution  of,  555. 
,,      hydrate— Solution  for  esti- 
mation of  nitrates,  555. 
Soldaini's  solution  for  estimation  of 

sugar,  1 13. 
Soleil's  saccharimeter,  122. 
Somerset  House— Reference  to,  60. 
Sorby-Browuing  micro-spectroscope, 

75. 

Sorby's  method  of  measurmg  absorp- 
tion bands,  77. 
Sow's  milk,  223. 

Soxhlet's  apparatus  for  ether,  37. 
,,       experiments  on  the  estima- 
tion of  sugar  by  Fehling's 
solution,  115-119. 
,,       method  for  obtaining  dex- 
trose, 112. 
process  of  milk  analysis, 
233. 

Spanish  chocolate,  360. 
Specific  gravity— Determination  of, 
by  Boyle,  3.3. 
,,  of  butter  fat,  295. 

—Milk,  231. 
tables    for  alcohol, 
300-302. 

Spectroscopic      determination  of 
metals  in  milk,  245. 
,,         examination  of  colour- 
ing-matters, 82. 
Spectrum  of  water,  515. 

,,       analysis    as    applied  to 
beer,  433. 
Spermaceti — Pattern  of,  292. 
Spiral  balance,  70. 
Spirit  indication  (tables),  420-422. 
Spirits— Standai-d  of  strength,  4S. 
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Standard  solutions  in  use  in  water 

analysis,  553. 
Starch— Estimation  of,  by  conver- 
sion into  sugar,  113. 
,,    —Solution  of,  555. 
Starches  —  Microscopical  identifica- 
tion of,  138-146. 
)>      — Quantitative  determina- 
tion of,  80,  137. 
Stearin,  204. 

Stein's  photograjjhic  camera,  SO. 
Stephens'  patent  relative  to  milk 

preservation,  265. 
Stilton  cheese,  309. 
Stout — Composition  of,  400. 
Succinic  acid —  Estimation  of,  446. 
,,         — Pasteur's  method  of 
determining,  394. 
Sugar,  103-112. 

,,    — Adulteration  of,  105. 

—Ash  of,  107-110. 
,,    candy,  126. 
,,    cane  in  milk,  262. 
,,    compounds  with  bases,  104, 
105. 

,,    — Estimation  of,  1 15-125. 
,,    —        ,,        in  wine,  459. 
,,    — Full  analysis  of,  108. 
,,    invert,  103,  115. 
,,    milk,  115. 

,,    — Solubility  of,  in  alcohol,  104. 

,,    — Starch  or  glucose,  detection 
of,  in  cane  sugar,  106. 
Sulphates  in  milk,  210. 
Sulphates  in  water,  523. 
Sulpho-cyauatcs  in  milk,  211. 
Sulphur  in  mustard — Estimation  of, 

496. 

Sul[ihuric  acid  in  vinegar — Estima- 
tion of,  477-480. 
Sweetmeats,  125. 

Swiss  Company's  condensed  milk, 
264. 

Tabarie's  method  of  alcohol  estima- 
tion, 378. 

'I  able  beer,  400. 

'I'acca  arrowroot,  143. 

Tallow— Melting-point  of,  294. 
,,     — Patterns  of,  291. 

Tannin  in  brandy,  385. 
in  tea,  332. 

Tajiioca,  140,  143. 

Tartaric  acid  —  Estimation   of,  in 
wine,  448,  457. 


Tea,  314-341. 
,,  — Acts  relative  to,  21. 
,,  —Adulteration  of,  339. 
1     „  — Analysis  of,  319. 

„  —Brick,  314. 
I     ,,  — Chemical  composition  of,  319. 
,     ,,  — Chemical  method  of  e.xamining 

leaves  of,  322. 
I     ,,  — Examination  of,  by  Excise,  61. 
,,  leaf — Structure  of,  315. 
,,  — Varieties  of,  314. 
Testi  Ludovici  on  milk  sugar,  195. 
Theine— Discoveiy  of,  by  Leeuwen- 
hoek,  316. 
,,     — Estimation  of,  329. 
,,     — Physical  properties  of,  317. 
,,     —Solubility  of,  317. 
,,     —Tests  for,  318. 
Theobromine,  361. 

,,     — Poisonous  efl'ect  of,  36.3. 
Tin  in  peas,  189. 
Toffy,  126. 

Tomlinson's  cohesion  Mgures,  292. 
Total  solids  of  milk,  2;il. 
Tons  les  mois,  139. 
Trinidad  cocoa,  364. 
Trinitrophenol — See  Picric  acid. 
Tritisecaline,  147. 

Tubercular  disease— Eelation  of,  to 

milk,  252. 
Turmeric,  88,  95,  141. 
„      in  mustai'd,  4S9. 

Un'fermented  wine,  473. 
Urea  in  milk,  213. 

,,        — I'vStimation  of,  243. 

Vacuum  processes,  72. 

,,  for  estimating  the 

water  in  milk, 
236. 

Valerianic  aciil,  451. 

Valuation  of  water,  549. 

Vanilla  chocolate,  360. 

Vcrnois  and  Becquerel's  method  of 

milk  analysis,  230. 
Villcuin's  experiments  on  tubercle  in 

milk,  252. 
Vinegar,  475-480. 

,,     — Adulteration  of,  47(). 

„      —Analysis  of,  47(). 

,,     eels,  35. 

,,     malt,  475. 

,,     wine,  475. 
Vitruvius,  4. 
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Vogel's  mefchod  of  delineating  spec- 
tra, 77. 

,,      observations   on  purpurine 
and  alum,  1()0. 
Volteleuus  on  milk,  198. 
Vullyanoz,  198. 

Wallace,  Dr. ,  on  sugar  ash,  lOS. 
Wanklyu  and  Cooper's  moist  com- 
bustion process,  535. 
Wanklyn's  method  of  milk  analysis, 
230. 

,,       of  water  analysis, 
230. 

Warranty,  60. 

—False,  01. 
Warrington's  method  of  standardis- 
ing indigo  solution,  521. 
Water,  513-553. 

,,     — Biological  methods  of  exa- 
mination, 540. 
,,     — Carbon  organic  determina- 
tion of,  528,  530,  535, 
53(5,  539. 
,,     — Carbon   organic  significa- 
tion of,  552. 
,,     — Forchammer    process  of 

testing,  523. 
,,     — Grand  Junction,  composi- 
tion of,  550. 
,,     — Halogens  in,  516. 
,,     —Hardness  of,  516. 
,,     — Interpretation  of  results  of 

analysis,  548. 
,,     — Iodine  in,  517. 
,,     — Microscopical  appearances 
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FIJiST  SERIES.— THIRTY-FIRST  EDITION. 
SECOND  SERIES.— SEVENTH  EDITION. 


MANY  THOUGHTS  OF  MANY  MINDS 

A  Treasury  of  Reference,  consisting-  of  Selections  from  the  Writings  of: 
the  most  Celebrated  Authors.     FIRST  &  SECOND  SERIES.  Compile^ 

and  Analytically  Arranged 

By  HENRY  SOUTHGATE. 

In  Square  Sw.,  elegantly  printed  on  toned  paper. 

Presentation  Edition,  Cloth  and  Gold         ...       12s.  6d.  each  volume. 
Library  Edition,  Half  bound  Roxburgh         ...      14s.  „ 

Do.,  Morocco  Antique    2 is.  „ 

Each  Series  is  complete  in  itself^  and  sold  separately. 


"'Many  Thoughts,'  &c.,  are  evidently  the  pro- 
duce of  years  of  research.  We  look  up  any  subject 
under  the  sun,  and  are  pretty  siu-e  to  find  something 
that  has  been  said — generally  well  said — upon  it.  ' 
— Examiner. 

"  Many  beautiful  examples  of  thought  and  style 
are  to  be  found  among  the  selections." — Leader. 

"  There  can  be  little  doubt  that  it  is  destined  to 
take  a  high  place  among  books  of  this  class." — 
Notes  and  Queries. 

*'  A  treasure  to  every  reader  who  may  be  fortunate 
enough  to  possess  it. 

Its  perusal  is  like  Inhaling  essences  ;  we  have  the 
cream  only  of  the  great  authors  quoted.  Here  all  are 
seeds  or  gems." — Ktigtisk  Jo7trnai  of  Education. 

"  Mr.  Southgate's  reading  will  be  found  to  e.xtend 
over  nearly  the  whole  known  field  of  literature, 
ancient  and  modern." — Gentleman's  Magazine. 

"Here  is  matter  suited  to  all  tastes,  and  illustra- 
tive of  all  opinions  ;  morals,  politics,  philosophy,  and 
solid  information.  We  have  no  hesitation  in  pro- 
nouncing it  one  of  the  most  important  books  of  the 
season.  Credit  is  due  to  the  publishers  for  the 
elegance  with  which  the  work  is  got  up,  and  for  the 
extreme  beauty  and  correctness  of  the  tj^jography." 
— Morning  Chronicli\ 

"  Of  the  numerous  volumes  of  the  kind,  we  do  not 
remember  having  met  with  one  in  which  the  selection 
was  more  judicious,  or  the  accumulation  of  treasures 
so  truly  wonderful." — Momittg  Herald. 

"  Mr.  Southgate  appears  to  have  ransacked  every 
nook  and  corner  for  gems  of  thought." — Allen's 
Indian  Mail. 

"  The  selection  of  the  extracts  has  been  made  with 
taste,  judgment,  and  critical  nicety." — Morning  Post. 

"  This  is  a  wondrous  book,  and  contains  a  great 
many  gems  of  thought." — Daily  News. 

"  As  a  work  of  reference,  it  will  be  an  acquisition 
to  any  man's  library." — Publisliers'  Circular. 

"This  volume  contains  more  gems  of  thought, 
refined  sentiments,  noble  axioms,  and  extractable 
sentences,  than  have  ever  before  been  brought  together 
in  our  language." — The  Field. 

"  Will  be  found  to  be  worth  its  weight  in  gold  by 
literary  men."— 7"/i^  Builder. 

"  All  that  the  poet  has  described  of  the  beautiful  in 
nature  and  art;  all  the  wit  that  has  flashed  from 
pregnant  minds;  all  the  axioms  of  experience,  the 
collected  wisdom  of  philosopher  and  sage,  are 
garnered  into  one  heap  of  useful  and  well-arranged 
instruction  and  amusement." — T/u:  Era. 


"The  mind  of  almost  all  nations  and  ages  oft! 
world  is  recorded  here." — yohn  Bull. 

"  This  is  not  a  law-book  ;  but,  departing  from  o 
usual  practice,  we  notice  it  because  it  is  likely  to  1 
very  useful  to  lawyers." — Law  Times. 

"  The  collection  will  prove  a  mine  rich  and  ine 
haustible  to  those  in  search  of  a  quotation." — A 
yourjial. 

"  There  is  not,  as  we  have  reason  to  know,  a  sing 
trashy  sentence  in  this  volume.  Open  where  we  mr 
every  page  is  laden  with  the  wealth  of  profound' 
thought,  and  all  aglow  with  the  loftiest  inspiration 
genius.  To  take  this  book  into  our  hands  is  li 
sitting  down  to  a  grand  conversazione  with  t 
greatest  thinkers  of  all  ages." — Star. 

"  The  work  of  Mr.  Southgate  far  outstrips 
others  of  its  kind.    To  the  clergyman,  the  auth 
the  artist,  and  the  essayisc,   '  Many  Thoughts 
Many  Minds,'  cannot  fail  to  render  almost  incalc 
able  service." — Edinburgh  Mercury. 

"We  have  no  hesitation  whatever  in  describi 
Mr.  Southgate's  as  the  very  best  book  of  the  cla 
There  is  positively  nothing  of  the  kind  in  the  languc 
that  will  bear  a  moment's  comparison  \vith  it.' 
Alancliestcr  H'cc/i/y  Advertiser. 

"There  is  no  mood  in  which  we  can  take  it 
without  deriving  from  it  instruction,  consolation,  : 
amusement.  We  heartily  thank  Mr.  Southg.ite  fc 
book  which  we  shall  regard  as  one  of  our  best  friei 
and  companions." — Cambridge  Chronicle. 

"This  work  possesses  the  merit  of  being  a  m 
nificent  gift  book,  appropriate  to  all  times  and  seaso 
a  book  calculated  to  be  of  use  to  the  scholar, 
divine,  or  the  public  man." — Freemasons'  Magaz. 

"It  is  not  so  much  a  book  as  a  library  of  qu( 
tions." — Patriot. 

"The  quotations  abound  in  \\\^\.  tJwught  wV 
is  the  mainspring  of  mental  exercise." — Liver^ 
Courier. 

"  For  purposes  of  apposite  quotation  it  cannot 
surpassed." — Bristol  Times. 

"  It  is  impossible  to  pick  out  a  single  passage  in 
work  which  does  not,  upon  the  face  of  it,  justify 
selection  by  its  intrinsic  merit." — Dorset  Chronicl 

"  We  are  not  surprised  th.it  a  SECOND  SERl 
of  this  work  should  have  been  called  for.  Mr.  So; 
gate  has  the  catholic  tastes  desirable  in  a  good  Edi 
Preachers  and  public  speakers  will  find  that  it 
special  uses  for  them." — Edinburgh  Daily  Rnnc 

"  The  Second  Series  fully  sustains  the  deser 
reputation  of  the  FIRST."— 7fA«  Bull. 


London  :    CHARLES  GRIFFIN  &  COMPANY. 


Charles  G-rifSn  &  Company's 
LIST  OF  PUBLICATIONS. 


 :o :  

RELIGIOUS  WORKS. 


ALTAR    OF    THE    HOUSEHOLD    (The);  a 

Series  of  Prayers  and  Selections  from  the  Scriptures,  for  Domestic  Wor- 
ship, for  every  Morning  and  Evening  in  the  Year.  By  the  Rev.  Dr. 
Harris,  assisted  by  eminent  Contributors,  with  an  Introducfion  by  the 
Rev.  W.  Lindsay  Alex.\NDER,  D.D.  New  Edition,  entirely  Revised. 
Royal  4to,  with  Steel  Frontispiece.  Cloth,  gilt  edges,  22/-.  May  also 
be  had  bound  in  the  following  styles  :  half-bound  calf,  marbled  edges  ; 
and  levant  morocco,  antique,  gilt  edges. 

*^*  Also,  Illustrated  with  a  Series  of  First-class  Engravings  on  Steel, 
descriptive  of  the  most  important  Events  in  the  Old  and  New  Testaments, 
at  6/-  extra. 

ANECDOTES  (Cyclopaedia  op   Religious  and 

MORAL).  With  an  Introductory  Essay  by  the  Rev.  George  Cheever, 
D.D.    Crown  8vo.    Cloth,  3/6.     Thirly-fotirlh  Thousand. 

'  These  Anecdotes  relate  to  no  trifling  subjects :  and  they  h.ave  been  selected,  not 
for  amusement,  but  for  instruction.  13y  those  engaged  in  the  tuition  of  the  young,  they 
will  be  found  highly  useful. 

BIBLE  HISTORY  (A  Manual  of).    By  the  Rev. 

J.  WvCLiFFE  Gedge,  Diocesan  Inspector  of  Schools  for  Winchester, 
Small  8vo.    Cloth  neat,  yd. 

This  small  but  very  comprehensive  Manual  is  much  more  than  a  mere  summary 
of  liible  History." — Church  Sunday  School  Magazine. 

The  Large-Tyi'e  Bitnyan. 

BUNYAN'S   PILGRIM'S    PROGRESS.  With 

Life  and  Notes,  Experimental  and  f'r.ictical,  by  William  Mason. 
Printed  in  large  type,  and  Illustrated  with  full-page  Woodcuts.  Crown 
8vo.    Bevelled  boards,  gilt,  and  gilt  edges  3/6.    Twelfth  Thousand. 
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CHRISTIAN  YEAR  (The)  :    Thoughts  in  Verse 

for  the  Sundays  and  Holy  Days  throughout  the  year.  With  an  original 
Memoir  of  the  Rev.  John  Keble,  by  VV.  Temple,  Portrait,  and  sixteen 
beauiiful  Engravings  on  Steel,  after  eminent  Masters.  In  410,  handsome 
cloth,  bevelled,  12/6;  unique  walnut  boards,  21/-;  morocco  antique, 
25/-;  morocco  extra,  30/-. 


ILLUSTRATIONS. 


Moming  . . 
Sunset 

A  Mountain  Stream 
A  River  Scene 
A  Mountain  Lake 
A  Greek  Temple 
A  Village  Church 
The  Wayside  Cross 


after  H.  Howakd,  R.A. 

G.  Barrett. 
C.  Bentlev. 

C.  W.  Rauclyfke. 
J.  M.W.  Turner. 

D,  Roi!ER Ts,  R.A. 
C  W.  Radclykfe. 

'J'ONY  JoH.\NNOT. 


The  Old  Mansion. .  after  C.  W.  R.\dclvffe. 


The  Cathedral  Choir  ,, 
Sunset  (after  Claude), 
Moonlight  , 
Pastoral  Landscape  , 
Halt  in  the  Desert  „ 
(iuardiau  Angels  , 
']  he  Church  Gate  ,, 


Lev.\int. 
G.  Barrett. 

HOFLANU. 

C.  W.  Radclyffe. 

D.  Roberts,  R.A. 
H.  Howard,  R.A. 

C.  W.  R.-iDCLVFFE. 


'An  Edition  dc  luxe,  beautifully  got  up  admirably  adapted  for  a  gift-book. "- 

Jo/m  Bull. 


CHRISTIAN  YEAR  (The):  With  Memoir  of  the 

Author  by  W.  Temtle,  Portrait,  and  Eight  Engravings  on  Steel,  after 
eminent  Masters.  Small  8vo,  toned  paper.  Cloth  gilt,  3/-  ;  morocco, 
10/6;  unique  malachite  boards,  12/6.    New  Edition. 

*,*  The  above  are  the  only  issues  of  the  "  Christian  Year,"  with  Memoir  and  Portrait 
of  the  Author.    In  ordering.  Griffin's  Editions  should  be  specified. 


CRUDENS     COMPLETE  CONCORDANCE 

TO  THE  OLD  AND  NEW  TESTAMENTS,  AND  THE  BOOKS 
CALLED  APOCRYPHAL.  Edited  and  corrected  by  Willl-^m 
YOUNGMAN.  With  fine  Portrait  of  Cruden.  Imperial  8vo.  Cloth, 
handsome  gilt  top,  7/6,    A^ew  Edition. 


DR.  DICK'S  POPULAR  WORKS. 


DICK  (Thos.,  LL.D.) :  CELESTIAL  SCENERY ; 

or,  The  Wonders  of  the  Planetary  System  Displayed.  This  work  is 
intended  for  general  readers,  presenting  to  their  view,  in  an  attractive 
manner,  sublime  objects  of  contemplation.  Illustrated.  Crown  8vo, 
toned  paper.    Handsomely  bound,  with  gilt  edges,  5/-.    Neib  Edition. 

DICK    (Dr.)  :     CHRISTIAN  PHILOSOPHER 

(The)  ;  or.  The  Connection  of  Science  and  Philoso])hy  with  Religion. 
Revised  and  enlarged.  Illustrated  with  150  Engravings  on  Wood.  Crown 
8vo,  toned  pajier.  Handsomely  bound,  with  gilt  edges,  5'-.  Tarn/y. 
eighth  Edition. 
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STANDARD  BIBLICAL  WORKS, 

BV 

THE  REV.  JOHN  EADHt,  D.D.,  LL.D., 

Lntc  P  rofcssor  of  Biblical  Liternttire  ami  E.vegesis  io  i/ie  Uiiilcd  Presl>yieria>i  Cliurch, 
and  Member  of  ilic  New  Testament  KeTiisioii  Company. 


'I'liis  Skriics  has  been  prepared  on  an  accurate  and  scientific  basis,  to  afford  sound  and 
necessnrj'  aid  to  the  Reader  of  Holy  Scripture.  The  Four  Vouimes  comprised  in  it,  form  in 
themselves  a  Compleik  Lidr.^ky  of  Refkuence,  Biblicxl  and  Ecclesiastical.  Number 
of  copies  already  issued,  over  a  quarter  of  a  million. 


I.    EADIE  (Rev.  Prof.);   BIBLICAL  CYCLO- 

PrEDI.-\  (.-V) ;  or, Dictionary  of  Eastern  Antiquities  and  Customs, Geno^aphy, 
Natural  #Historv,  Sacred  Annals,  Biography,  and  Biblical  Literature, 
illustrative  of  the  Old  and  New  Testaments.  With  Maps  prepared 
e.xpressly  by  Messrs.  W.  &  A.  K.  JOHNSTON,  manj'  Engravings,  and  Litho- 
graphed Fac-Simile  of  the  recently-discovered  Moabite  Stone,  with 
Translation  of  the  Inscription.  Large  post  8vo.,  700  pages.  Handsome 
cloth,  7/6  ;  half-bound  calf,  10/6  ;  morocco  antique,  16/-  Twenty-second 
Edition. 

"We  must  regard  Dr.  Eadie's  Bible  Diction.iry  as  decidedly  the  best  adapted  for 
popular  use,  and  have  always  found  it  a  reliable  authority.  To  the  Clergy  not  possessed 
of  large  libraries,  and  to  whom  the  price  of  books  is  important,  we  can  cordially  recom- 
mend the  present  volume." — Clei-ical  Journal. 

n.  EADIE  CRev.  Prof.):  CRUDENS  CON- 
CORDANCE TO  THE  HOLY  SCRIPTURES.  With  a  Portrait  on 
Steel  of  Ale.xander  Cruden,  M.A.,  and  Introduction  by  the  Rev. 
Dr.  King.  Post  8vo.  Cloth,  3/6  ;  half-bound  calf,  6/6  ;  full  calf,  gilt 
edges,  8,6  ;  full  morocco,  gilt  edges,  10/6.    Forty-sixlh  Edition. 

"'■■»'■■  Dr.  Eadie's  h.as  long  and  deservedly  borne  the  reputation  of  being  the  COM- 
PLKTEST  and  BEST  CONCORDANCE  extant. 

HL  EADIE  (Rev.  Prof.):  CLASSIFIED  BIBLE 

(The).  An  Analytical  Concordance  to  the  Holy  Scriptures.  Illustrated 
by  Maps.  Large  post  8vo.  Cloth,  bevelled,  8/6  ;  morocco,  17/- 
Sixtli  Edition. 

The  object  of  the  Classified  Hible  is  tn  present  the  entire  Scriptures  under 
certain  distinct  and  e.Nhaustive  Heads  or  Topics.  1 1  differs  from  an  ordinary  Concord- 
ance in  that  its  arrangement  depends  not  on  words,  but  on  subjects.  The  Reader  will 
find,  under  forty-two  different  .Sections,  what  the  liible  says  in  relation  to  Doctrine, 
Ethics,  Antiiiuities,  Sec.  The  verses  being  printed  in  full,  riference  and  comparison  are 
greatly  facilitated. 

"  We  have  only  to  add  oiir  unqualified  commendation  of  a  work  of  real  excellence  ttt 
every  Biblical  >tiulent." — C/ rislian  Times. 

IV.  EADIE  (Rev.  Prof.):  ECCLESIASTICAL 

C\'CL01'/1';DIA  (The)  ;  A  Dictionary  of  Christian  Antiquities,  Sects, 
Denominations,  and  Heresies  ;  History  of  Dogmas,  Rites,  Sacraments, 
Ceremonies,  &c.,  Liturgies,  Creeds,  Confessions,  Monastic  and  Religious 
Orders,  Modern  Judaism,  &c.  By  the  Rev.  Professor  I'lADIE,  assisted  by 
the  Rev.  Dr.  HakTWEI.I.  Hornk,  Yen.  Arcluleacon  llAI.K,  Professor 
M.'\C  Caul,  and  other  contributors.  Large  post  8vo.,  Cloth  bevelled,  8/6  ; 
morocco  antique,  17/-    .Si.xlh  Edition. 

"  Our  readers  will  not  need  tn  be  told  that  this  is  a  '  comprehensive '  wcirU.  and  we  may 
add  that  it  is  one  which  will  be  foiuul  useful  and  convenient  to  a  large  number  of  both 
clergy  and  hMy."  —Jiiiglisit  Lliiirchinnn. 
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Rev.  Prof.  Eadie's  Works — {continued). 

V.  EADIE  (Rev.  Prof.):   A  DICTIONARY  OF 

THE  HOLY  BIBLE  ;  designed  chiefly  for  the  use  of  Young  Persons. 
From  the  larger  work  by  Dr.  Eadie.  With  Map  and  numerous  Illus- 
trations. Small  8vo.  Cloth,  2/6  ;  morocco,  gilt  edges,  7/6.  Thirty-sixth 
Thoicsand. 

"Parents  and  tutors  will  unanimously  thank  the  author  for  this  result  of  a  labour  of 
love." — Critic. 

"  A  very  good  and  useful  compilation  for  youth." — Litcrixry  Gazette, 

VI.  EADIE  (Rev.  Prof.):    A  COMMENTARY 

ON  THE  GREEK  TEXT  OF  THE  EPISTLE  OF  ST.  PAUL  TO 
THE  EPHESIANS.  Revised  throughout  and  enlarged.  Demy  8vo. 
Cloth,  14/-    Second  Edition.  ■ 

"This  book  is  one  of  prodigious  learning  and  research.  The  author  seems  to  have 
read  all,  in  every  language,  that  has  been  written  upon  the  Epistle.  It  is  also  a  work  of 
independent  criticisir.,  and  casts  much  new  light  upon  many  passages." — Literary 
Gazette. 

*^*  A  Complete  Prospectus  of  Dr.  Eadie's  Biblical  Works 
forwarded  gratis  and  post-free  on  application. 


HENRY  (Matthew) :  A  COMMENTARY  on  the 

HOLY  BIBLE.  With  Explanatory  Notes.  In  3  vols.,  super-royal  8vo. 
Strongly  bound  in  cloth,  50/-    New  Edition. 

HERBERT     (George):        THE  POETICAL 

WORKS  OF.  With  Memoir  by  J.  NiCHOL,  B.A.,  Oxon,  Professor  of 
English  Literature  in  the  University  of  Glasgow.  Edited  by  Ch.arles 
COWDEN  Clarke.  Antique  headings  to  each  page.  Small  Svo.  Cloth 
and  gold,  3/-  ;  morocco  antique,  8/-  ;  malachite,  ic  6. 

KEBLE  and  HERBERT:    THE  CHRISTIAN 

YEAR,  by  John  Keble,  with  Memoir  of  the  Author  by  \V.  Temple  ; 
and  THE  TEMPLE,  by  GEORGE  HERBERT,  with  Memoir  by  Prof. 
NiCHOL.    In  one  vol.,  8vo,  illustrated,  cloth  and  gold,  7/6. 

KITTO  (John,  D.D.,  F.S.A  ):  THE  HOLY  LAND: 

The  Mountains,  Valleys,  and  Rivers  of  the  Holy  Land  ;  being  the  Physi- 
cal Geography  of  Palestine.  With  eight  full-page  Illustrations.  Fca]i. 
Svo.    Cloth,  2/6.    Eleventh  Thousand.    Ne%u  Edition. 

Contains  within  a  small  compass  a  body  of  most  interesting  and  valuable  information. 

KITTO    (John,    D.D.,    F.S.A.)  :  PICTORIAL 

SUNDAY  BOOK  (The).  Containing  nearly  two  thousand  Illustrations 
on  Steel  and  Wood,  and  a  Series  ot  Maps.  Folio.  Cloth  gilt  30/- 
Scvcnty-third  Thous.wd. 


RELIGIOUS  PUBLICATIONS. 
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PALEY  (Archdeacon) :  NATURAL  THEOLOGY : 

Or,  The  Evidences  of  the  Existence  and  the  Attributes  of  the  Deity. 
With  Illustrative  Notes  and  Dissertations,  by  Henry,  Lord  Brougham, 
and  Sir  Charles  Bell.   Many  Engi-avings.  One  vol.,  i6mo.  Cloth,  4/-. 

"When  Lord  Brougham's  eloquence  in  the  Senate  shall  have  passed  away,  and  his 
services  as  a  statesman  shall  exist  only  in  the  free  institutions  which  they  have  helped 
to  secure,  his  discourse  on  Natural  iTheology  will  continue  to  inculcate  imperishable 
truths,  and  fit  the  mind  for  the  higher  revelations  which  these  truths  are  destined  to 
foreshadow  and  confirm." — Edinburgh  Review. 

PALEY  (Archdeacon) :  NATURAL  THEOLOGY: 

with  Lord  BROUGHAM'S  Notes  and  DIALOGUES  ON  INSTINCT. 
Many  Illustrations.    Three  vols.,  i6mo.    Cloth,  7/6. 

*^*  This  Edition  coniains  the  whole  of  the  Original  Work^  published  at 
Two  Guineas,  with  the  exception  of  the  Mathematical  Dissertations. 

RAGG  (Rev.  Thomas):    CREATION'S  TESTI- 

MONY  TO  ITS  GOD  :  the  Accordance  of  Science,  Philosophy,  and 
Revelation.  A  Manual  of  the  Evidences  of  Natural  and  Re-.ealed 
Religion  ;  with  especial  reference  to  the  Progress  of  Science  and  Advance 
of  Knowledge.  Revised  and  enlarged,  with  new  Appendices  on  Evolu- 
tion and  the  Conservation  of  Energy.  Large  crown  8vo.  Handsome 
cloth,  bevelled  boards,  5/-.    Thirteenth  Edition. 

"We  are  not  a  little  pleased  again  to  meet  with  the  author  of  this  volume  in  the  new 
edition  of  his  far-famed  work.  Mr.  Ragg  is  one  of  the  few  original  writers  of  our  time  to 
whom  justice  is  being  done." — Britis/i  Standard. 

*.*  This  work  has  been  pronounced  "The  Book  of  the  Age,"  "The  best  popular  Te\t- 
Book  of  the  Sciences,"  and  "The  only  complete  Manual  of  Religious  Evidence  Natural 
and  Revealed."  ' 

RELIGIONS  OF  THE  WORLD  (The):  Being 

Confessions  of  Faith  contributed  by  Eminent  Members  of  every  Denomi- 
nation of  Christians,  also  of  Mahometanism,  the  Parsee  Relio-ion  the 
Hindoo  Religion,  Mormonism,  &c.,  &c.,  with  a  Harmony  of  the  Christian 
Confessions  of  Faith  by  a  Member  of  the  Evangelical  Alliance.  Crowti 
8vo.    Cloth  bevelled,  3/6.    Nezu  Edition. 

\*  In  this  volume,  each  denomination,  through  some  leading  member,  h.ns  expressed 
its  own  opinions.  'J'here  is  no  book  in  the  language  on  the  same  plan.  All  other  worl-s 
on  the  subject,  being  written  by  one  individual,  are  necessarily  one-sided,  incomnlcte 
and  unauthentic.  '  ' 

SCOTT    (Rev.    Thomas):    A  COMMENTARY 

ON  THE  BIBLE;  containing  the  Old  and  New  Testaments  accordino- to 
the  Authorised  Version,  with  Practical  Observations,  copious  Margnril 
References,  Indices,  &c.    In  3  vols.,  royal  4to.    Cloth,  63/-.   New  Edition. 

TIMES   (John,   F.S.A.,  Author  of   "Things  not 

Generally  Known,"  &c.)  :  ^ 
THOUGHTS  FOR  TIMES  AND  SEASONS.    Selected  and  com 

piled  by  John  TiMBS.    Fcap.  8vo.    Cloth  neat,  i/-.    Second  Edition. 
''  In  a  ne.-it  and  concise  form  arc  brought  together  striking  and  beautiful  passages  fmin 

the  works  of  the  most  eminent  divines  nrul  moralists,  and  political  and  scieni'ir.,- !■ 

of  acknowledged  M\hy."-£diniurgA  Daily  Review.  scientilic  « 1  ,ter.s 
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Scientific  JV orks. 


MEDICAL  WORKS 
By  WILLIAM  AITKEN,  M.D.,  Edin.,  F.R.S., 

PROFESSOR    OP    PATHOLOGV    IN  THE  ARMY  MEDICAL  SCHOOL;  EXAMINER  IX  MEDICINE  FOR 
THE  MILITARY  MEDICAL  SERVICES  OF  THE  (JUEEN  ;    FELLOW  OF  THE  SANITARY 
INSTITUTE  OF  GREAT  BRITAIN  ;  CORRESPONDING  MEMBER  OF  THE  ROYAL 
IMPERIAL    SOCIETY    OF    PHYSICIANS    OF    VIENNA  ;      AND    OF  THE 
SOCIETY  OF  MEDICINE  AND  NATL'RAL  HISTORY  OF  DRESDEN. 


Now  Ready.      Seventh  Edition.      Price  42s. 

The  SCIENCE  and  PRACTICE  of  MEDICINE, 

in  Two  Volumes,  Royal  8vo.,  cloth.  Illustrated  by  Numerous  Engrav- 
ings on  Wood,  and  a  Map  of  the  Geogi'apliical  Distribution  of  Disease?. 
To  a  great  extent  Rewritten  ;  Enlarged,  Remodelled,  and  Carefullj- 
Revised  throughout. 

In  announcing  the  Seventh  Edition  of  this  impoi-tant  Work  as  now  Ready,  the 
Publishers  would,  only  remark,  iliat  no  labour  or  expense  has  been  spared  to 
sustain  its  luell-known  reputation  as  "  The  Representative  Book  of  the  Aledical 
Science  and  Practice  0/  the  Day."  Among  the  More  Important  Features  of  the 
New  Edition,  the  subject  of  DISEASES  OF  THE  BR.4.IN  AND  Nervous 
System  may  be  specially  mentioned. 


Opinions  of  the  Press. 

"  Excellent  from  the  beginning,  and  improved  in  each  successive  issue,  Dr.  Aitken's 
f.REAT  and  STANDARD  woKic  has  now,  with  vast  and  judicious  labour,  been  brought 
abreast  of  everj'  recent  advance  in  scientific  medicine  and  the  healing  art,  and  affords  to  the 
Student  and  Practitioner  a  store  of  knowledge  and  guidance  of  altogether  inestimable  value 

 The  hrst  530  pages  of  the  Second  Volume,  would,  if  printed  .separately,  form  perhaps 

the  best  text-book  in  our  language  for  the  student  of  Neurologj-  and  Insanity.  A  masterly 
and  philosophical  review,  characterised  by  the  precision  of  the  specialist,  and  the 
breadth  of  the  catholic  physician,  is  presented  in  these  pages  of  the  varied  phen- 
omena connected  with  morbid  conditions  of  the  nervous  system  in  their  relations  with 
anatomical  structure,  chemical  composition,  physiological  uses,  and  pathological  changes 

.  .  A  classical  work  which  does  honour  to  British  Medicine,  and  is  a  compendium  of 
sound  knowledge." — Extract  from  Kcviciv  in  "  ISrniii,"  by  y.  Cricltton  iirowiic,  M.D., 
F.R.S.,  Lord  Clianccltor  s  Visitor  in  Lunacy . 

"The  Seventh  Edition  of  this  important  Text-liook  fully  maintains  its  reputation. 

 Dr.  Aitkcn  is  indefatigable  in  his  efforts  The  section  on  Diseases  of  the 

I'.R.MN  and  Nervous  .System  is  completely  remodelled,  so  as  to  include  all  the  most 
recent  researches,  which  in  this  department  have  been  not  less  important  than  they  are 
numerous." — Britisli  Meiiicat  Journal. 

"The  work  is  an  admirable  one,  and  adapted  to  the  requirements  of  the  Student, 

Professor,  and  Practitioner  of  Medicine  The  reader  will  find  a  large  amount  of 

information  not  to  be  met  with  in  other  books,  epitomised  for  him  in  this.  We  know  of 
no  work  that  contains  so  much,  or  such  full  and  varied  information  on  all  .subjects  con- 
nected with  the  Science  and  Pr.actice  of  iNlcdicine.— irt;/tv/. 

The  Standard  Text-Booic  in  the  English  language  There  is,  perhaps,  no 

work  more  indispensable  for  the  Practitioner  and  -Student." — Edin.  Afcdicai  journal. 

"  In  its  system,  in  its  scope,  and  in  its  method  of  dealing  with  the  subjects  treated 
of,  this  work  differs  from  all  other  Text-books  on  the  Science  of  Medicine  in  the  English 
language.  " — Medical  Tintes  and  Gazette. 

"The  extraordinary  merit  of  Dr.  Aitken's  work.... The  author  has  unquestionably 
performed  a  service  to  the  profession  of  the  most  valuable  kind." — J'rac/itioju-r. 

"Altogether  this  voluminous  treatise  is  a  credit  to  its  Author,  its  Publisher,  and  to 

English  Physic  Affords  an  admirable  and  honest  digest  of  the  opinions  and  practice 

of  the  day         ..Commends  itself  to  us  for  sterling  v.alue,  width  of  retrospect,  and  fairness 

of  representation." — Mcdico-C/iinirgicat  Kcriew. 


9 


PKOF.  AITKEN'S  WOKKS— (coil fl/llted). 

AITKEN  (William,  M.D.,  F.R.S.)  :  OUTLINES 

OF  THE  SCIENCE  AND  PRACTICE  OF  MEDICINE.  A  Text- 
Book  for  Students.     Crown  8vo.    Secotid  Edition  in  Preparation. 

"So  complete  as  to  form  a  useful  work  of  reference.  The  natural  history  of  the 
principal  diseases,  the  diagnostic  signs  by  which  they  may  l]e  distinguished,  together 
with  the  therapeutic  indications,  are  concisely  and  systematically  given.  The  book 
cannot  fail  to  become  a  popular  one,  and  we  cordially  recommend  it  to  the  notice  of 
teachers  and  students." — Lancet. 

"Well-digested,  clear,  and  well  written,  the  work  of  a  man  conversant  with  every 
detail  of  his  subject,  ami  a  thorough  master  of  the  art  of  teaching.  ' — British  Medical 
yoicruat. 

"Students  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  con- 
ciseness."— Atlieuteunt. 

"  In  respect  of  both  the  matter  contained,  and  the  manner  in  which  it  is  conveyed, 

our  e.vamination  has  convinced  us  that  nothing  cuuld  be  better  We  know  of  no 

summary  of  the  use  of  El>:ctricity  as  a  means  of  diagnosis,  equal  to  that  contained 
in  the  Section  on  Diseases  of  the  Nervous  System.  ' — Mcdico-CIiiriirgicat  Rcjiciv. 

AITKEN  (William,  M.D.,  F.R.S.) :  The  GROWTH 

OF  THE  RECRUIT,  and  the  Youn^  Soldier,  with  a  view  to  the 
Selection  of  "  Growing  Lads  "  and  their  Training-.  Second  Edition  in 
preparation. 

"This  little  work  should  be  in  the  hands  of  all  instructors  of  youth,  and  all  employers 
of  youthful  labour.'' — Lancet. 

AITKEN  (William,  M.D.,  F.R.S.)  j  OUTLINE 

FIGURES  OF  THE  TRUNK  OF  THE  HU.MAN  BODY,  on 
which  to  indicate  the  areas  of  physical  signs  in  the  Clinical  Diagnosis  of 
Disease.    For  the  use  of  Students  and  Practitioners  of  Medicine.  i/5. 


ANSTED  (Prof.,  M.A.,  F.R.S,)  :  GEOLOGY,  a 

TREATISE  ON.    {Circle  of  the  Sciences).    Crown  Svo.    Cloth,  2  6. 

ANSTED    (Prof.,    M.A.,  F.R.S.)  :  NATURAL 

HISTORY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
Structure  of  the  P^^arlh,  the  Plants  of  the  F'ield,  and  the  Atmospheric 
Phenomena.    With  numerous  Illustrations.    Large  post  Svo.    Clotli,  8/6. 


BAIRD  (W.,  M.D.,  F.L.S.,  late  of  the  British 

Museum)  : 

THE  STUDENT'S  NATURAL  HISTORY;  a  Dictionary  of  the 
Natural  Sciences  :  Botany,  Conchology,  lintomology,  Geology,  Miner- 
:tlogy,  I'ahcontology,  and  Zoology.  With  a  Zoological  Chart,  showing 
ihe  Oistribulion  and  Range  of  Animal  Life,  and  over  two  hundred  and 
iilly  Illustrations.    Demy  Svo.    Cloth  gilt,  10/6. 

"The  work  is  a  very  useful  one,  and  will  conlrihute,  by  its  cheapness  and  compre- 
hensiveness, to  foster  the  extending  taste  for  Natural  Science." — Wesiiiiinster  Kcx  icM. 
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WORKS  by  A.  WYNTER  BLYTH,  M.R.C.S.,  F.C.S., 

Public  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health  for 
St.  Marj'lebone. 

HYGIENE  AND  PUBLIC   HEALTH  (A  Die- 

tionary  of)  :  comprising  over  Seven  Hundred  Articles,  and  embracing  the 
following  subjects : — 

I. — Sanitary  Chemistry  :  the  Composition  and  Dietetic  Value  of 
Foods,  with  the  latest  Processes  for  the  Detection  of  Adulterations. 

II.  — Sanitary  Engineering  :  Sewage,  Drainage,  Storage  of  Water, 

Ventilation,  Warming,  etc. 

III.  — Sanitary  Legislation  :  the  whole  of  the  PUBLIC  HEALTH 

ACT,  together  with  sections  and  portions  of  other  Sanitary- 
Statutes  (without  alteration  or  abridgment,  save  in  a  few  un- 
important instances),  in  a  form  admitting  of  easy  and  rapid 
reference. 

IV.  — Epidemic  and  Epizootic  Diseases  :  their  History  and  Pro- 

pagation, with  the  Measures  for  Disinfection. 

V.  — Hygiene — Military,  Nav.al,  Private,  Public,  School. 

Roval  8vo.,  672  pp.,  cloth  bevelled,  with   Map,  Diagram,  and  140 
Illustrations,  price  28/-. 


Opinions  of  tbe  Press. 

"  Excellently  done  .  .  .  the  articles  are  brief,  but  comprehen.sive.  We  have  tested 
the  book,  and  can  therefore  recommend  Mr.  Blyth's  Dictionary  with  confidence." — 
IVestiniiister  Revieiu. 

"  A  very  important  Treatise  ...  an  e.xamination  of  its  contents  satisfies  us  that 
it  is  a  work  which  should  be  highly  appreciated." — Mcdico-Chirtirgical  Review. 

"  A  work  that  must  have  entailed  a  vast  amount  of  labour  and  research  .  .  Will  be 
found  of  extreme  value  to  all  who  are  specially  interested  in  Sanitation.^  It  is  more  than 
probable  that  it  will  become  a  Standard  Work  in  Hygiene  and  Public 
Health." — Medical  Times  ami  Gazette. 

'  Contains  a  great  mass  of  information  of  easy  reference  ...  a  compilation 
carefully  made  from  the  best  sources." — Sauitaty  Reco7-d. 


RE-ISSUE  OF  BLYTH'S  'PRACTICAL  CHEMISTRY.' 


PRACTICAL    CHEMISTRY    (A    Manual   of)  : 

In  Two  Volumes,  crown  8vo.,  by  A.  Wynter  Blyth,  M.R.C.S.,  F.C.S., 
Public  Analyst  for  the  County  of  Devon,  Medical  Officer  of  Health  for  St. 
Marylebone.    With  Tables  and  Diagrams. 

Vol.  I.  —  Foods  :  their  Composition  and  Analysis. 

Vol.  II. — Poisons  :  their  Nature  and  Detection. 


OPINIONS  OF  THE  PRESS  ON  THE  FIRST  EDITION. 
'Will  be  used  by  every  Analyst." — Laucct. 

"A  work  full  of  great  niterest    .    .    .    The  method  of  treatment  excellent 
Gives  just  that  amount  of  information  which  those  able  to  appreciate  it  will  desire. 
—  W istminstcr  R etneiu. 

"  Stands  UNKivALLED  for  completeness  of  information  .  .  .  A  really  '  practical 
handbook  for  the  guidance  of  practical  men." — Satiitajy  Record. 

"The  whole  work  is  full  of  useful  practical  information.'  — C/u:»iical News. 


SCIENTIFIC  P UBLICA  TIONS. 


ir 


THE    CIRCLE    OF    THE    SCIENCES  : 
a  series  of  popular  treatises 
on   the   natural  and   physical  sciences, 
And  their  Applications, 

BY 

Professors  0\VEN,  Ansted,  Young,  and  Tennant  ;  Drs.  LATHAM,  Edward 
Smith,  Scoffern,  Bushnan,  and  Bronner  ;  Messrs.  Mitchell,  Twisden, 
Dallas,  Gore,  Imray,  Martin,  Sparling,  and  others. . 

Complete  in  nine  volumes,  illustrated  with  many  thousand  Engravings  on 
Wood.    Crown  8vo.    Cloth  lettered.    S/-  each  volume. 


Vol.  I.— organic  NATURE.— Part  I.  Animal  and  Vegetable  Physiology ; 
the  Skeleton  and  the  Teeth  ;  Varieties  of  the  Human  Race  ;  by  Professor 
Owen,  Dr.  Lath.a.m,  and  Dr.  Bushnan. 

Vol.  2.— ORGANIC  NATURE.— Part  II.  Structural  and  Systematic 
Botany,  and  Natural  History  of  the  Animal  Kingdom — Invertebrated 
Animals ;  tfjr  Dr.  Edward  Smith  and  William  S.  D.a.llas,  F.L.S. 

Vol.  3.— organic  NATURE.— Part  HI.  Natural  History  of  the  Animal 
Kingdom — Vertebrated  Animals  :  by  William  S.  DALL.4.S,  F.L.S. 

Vol.  4.— INORGANIC  NATURE.— Geology  and  Physical  Geography; 
Crystallography;  Mineralogy;  Meteorology,  and  Atmospheric  Pheno- 
mena ;  by  Professor  Ansted,  Rev.  W.  Mitchell,  M.A.,  Professor 
Tennant,  and  Dr.  Scoffern. 

Vol.  5.— PRACTICAL  ASTRONOxMY,  NAVIGATION,  AND  NAUTI- 
CAL ASTRONOMY  ;  by  Hugh  Breem,  Greenwich  Observatory,  Pro- 
fessor Young,  and  E.  J.  Lowe,  E.R.A.S. 

Vol.  6.— elementary  CHEMISTRY.— The  Imponderable  Agents  and 
Inorganic  Bodies,  by  John  Scoffern,  M.D. 

V0L.7.— PRACTICAL  CHEMISTRY.— Monographs  on  Electro-Metallurgy; 
the  Photoo;raphic  Art  ;  Chemistry  of  Food  and  its  Adulterations  ;  and 
Artificial  Light ;  by  George  Gore,  Birmingham,  John  Scoffern, 
M.D.,  Dr.  Edward  Bronner,  Bradford,  Marcus  Sparling,  and 
John  Martin. 

Vol.  8.— MATHEMATICAL  SCIENCE.— Philosophy  of  Arithmetic  ; 
Algebra  and  its  Solutions  ;  Plane  Geometry  ;  Logarithms  ;  Plane  and 
S[)herical  Trigonometry  ;  Mensuration  and  Practical  Geometry,  with  use 
of  Instruments  ;  by  Professor  YoUNG,  Rev.  J.  F,  TwiSDEN,  M.A.,  Sand- 
hurst College,  and  Ale.xander  Jardine,  C.E. 

Vol.  9.— MECHANICAL  PHILOSOPHY.- The  Properties  of  Matter, 
Elementary  Statics  ;  Dynamics  ;  Hydrostatics  ;  Hydrodynamics  ; 
Pneumatics;  Practical  Mechanics;  and  the  Steam  Engine;  by  the  Rev. 
Walter  Mitchell,  M.A.,  J.  R.  Young,  and  John  Lmrav. 
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THE    CIRCLE    OF    THE  SCIENCES. 


In  Separate  Treatises.  Cloth. 

s.  d. 


1.  Ansted's  Geolc-jy  and  Physical  Geography     .       .  .26 

2.  Breem's  Practical  Astronomy  .       .       .'      .       .  .26 

3.  Bkonner  and  Scoffern's  Chemistry  of  FooJ  and  Diet    I  6 

4.  Bushnan's  Phj'siolog-jf  of  Animal  and  Vegetable  Life     .    i  6 

5.  Gore's  Theorj'  and  Practice  of  Electro-Deposition  .  .16 

6.  Imray's  Practical  Mechanics  16 

7.  Jardine's  Practical  Geometry  10 

8.  Latham's  Varieties  of  the  Human  Species     .       .  .16 

9.  Mitchell  &  Tennant's  Crystallography  and  Mineralogy    3  o 

10.  Mitchell's  Properties  of  Matter  and  Elementary  Statics    I  5 

11.  Omen's  Principal  Forms  of  the  Skeleton  and  the  Teeth  .    I  6 

12.  Scoffern's  Chemistry  of  Heat,  Light,  and  Electricity    .    3  o 

13.  Scoffern's  Chemistry  of  the  Inorganic  Bodies       .  .30 

14.  Scoffern's  Chemistry  of  Artificial  Light       .      .  .16 

15.  Scoffern  and  Lowe's  Practical  Meteorology  .       .  .16 

16.  Smith's  Introduction  to  Botany  :  Structural  and  S3-stematic  2  D 

17.  Twisden'S  Plane  and  Spherical  Trigonometr}'.    "   .  .16 

18.  TwiSDEN  on  Logarithm's  10 

19.  Young's  Elements  of  Algebra  10 

20.  Young's  Solutions  of  Questions  in  Algebra     .       .  .10 

21.  Young's  Navigation  and  Nautical  Astromony  .       .  .26 

22.  Young's  Plane  Geometry  16 

23.  Young's  Simple  Arithmetic  10 

24.  Young's  Elementary  Dynamics       .       .       .       .  .16 


DALLAS  (W.  S.,  F.L.S): 

A  POPULAR  HISTORY  OF  THE  ANIMAL  CREATION  : 
being  a  Systematic  and  Popular  Description  of  the  Habits,  Structure,  and 
Classification  of  Animals.  With  coloured  Frontispiece  and  many  hundred 
Illustrations.    Crown  8vo.    Cloth,  8/6.    New  Edition. 

DOUGLAS  (John  Christie,  Mem.  Soc.  TeL-Engin- 

eers.  East  India  Govt.  Telegraph  Department,  &c.) 

A    MANUAL    OF    TELEGRAPH    CONSTRUCTION  :  The 
Mechanical  Elements  of  Electric  Telegra[>h  Engineering.    For  the  use 
of  Telegraph  Engineers  and  others.    With  numerous  Diagrams.  Crown 
8\  o,  cloth,  bevelled,  15/-.    Second  Edition. 
*^*  Published  with  the  Approval  of  the  Director-General  of  Telegraphs  in 
India. 

GENERAL  CONTENTS. 

Part  I. — General  Principles  of  Strength  and  Stauility  : 

Part  IL— Properties  and   Applications   of  Materials, 
Operations,  and  Manipulation  : 


SCIENTIFIC  P  i  'BLICA  TIONS. 
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Douglas's  TELECKArH  Construction — ( continued). 

Part  III.— Telegraph  Construction,  Maintenance  and 
Organisation. 

"  Mr.  Douglas  deserves  the  lhanks  of  'I'elegraphic  Engineers  for  the  excellent 
'  Manual' now  before  us  .  .  .  he  has  ably  supplied  an  existing  w.-int  .  .  .  .  . 
the  subject  is  treated  with  great  clearness  and  judgment  ....  good  practical 
information,  given  in  a  clear,  terse  style." — Eti^^iiiccriiig. 

'■  Mr.  Douglas's  work  is,  we  believe,  the  first  of  its  kind  ....  The  author  is 
evidently  a  pr.actical  Telegraphic  Engineer  .  ._.  •  The  amount  of  information  given 
is  such  as  to  render  this  volume  a  most  useful  guide  to  any  one  who  may  be  engaged  in 
any  branch  of  Electric-Telegr.aph  Engineering.'' — Athcncruiit. 

"  The  book  is  calculated  to  be  of  great  service  to  Telegraphic  Engineers.  .  .  .  the 
arrangement  is  so  judicious,  that  with  the  aid  of  the  full  table  of  contents,  reference  to 
:iny  special  point  should  be  ea.sy." — Iron. 


GRIFFIN  (John  Joseph,  F.C.S.) : 

CHEMICAL  RECREATIONS  :  A  Popular  Mantml  of  Experimental 
Chemistry.  AVith  540  Engi'avings  of  Apparatus.  Crown  4to.  Cloth. 
Tenth  Edition. 

Part  I.    Elementary  Chemistry,  price  2/- 

Part  II.    The  Chemistry  of  the  Non-Metallic  Elements,  including  a 
Comprehensive  Course  of  Class  Experiments,  price  10/6 

Or,  complete  in  one  volume,  cloth,  gilt  lop,  12/6. 

GURDEN   (Richard   Lloyd,  Authorised  Surveyor 

for  the  Governments  of  New  South  Wales  and  ^'ictoria)  : 

TR.-WERSE  TABLES  :  computed  to  Four  Places  Decimals  for  every 
Minute  of  Angle  up  to  100  of  Distance.  For  the  use  of  Surveyors  and 
Engineers.    In  folio,- strongly  half-bound,  price  30/- 

*  *  Published  with  Concurrence  of  the  Surveyors-General  for  Nezv  South 
Wales  and  Victoria. 

"  Mr.  Gurden  is  to  be  thanked  for  the  extraordinary  Labour  which  he  has  bestowed  on 
facilitating  the  work  of  the  Surveyor  An  almost  unexampled  instance  of  pro- 
fessional .and  literary  industry," — AtlLcutrniii. 

"  'J'hose  who  have  experience  in  ex.act  Si'uvev-wohk  will  best  know  how  to  appreciate 
l!ie  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  ami  cosines  for  a  distance  of  twelve  miles  to  within 
half  an  inch,  and  this  iiv  hilKkhkncI';  Tci  ni'T  O.m-;  I'.mu.Fv,  iii  place  of  the  usual  Fifteen 
minute  computations  recpiired.  This  alone  is  evidence  of  the  assistance  which  the  'J'ables 
tns\ire  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
assistance,  few  knowing  of  their  pulilicalion  will  remain  without  them."- -  Avi^/';/^,rr. 

"  We  cannot  sufficiently  admire  the  heroic  patience  ol  the  author,  who,  in  order  to 
lirevent  error,  calculated  each  result  Ijy  two  different  modes,  anil,  before  the  work  was 
finally  jjlaced  in  the  Printers'  hands,  repe.ited  the  operation  for  a  thiril  tune,  on  revising 
the  proofs. — Kngiiwfring. 

"  Up  to  the  present  time,  no  Tables  for  the  us(^  of  Surveyors  have  been  prepared, 
which,  in  minuteness  of  detail,  can  be  comjiared  with  those  compileil  liy  Mr.  Clurden. 

 With  the  aid  of  this  book,  ///(.■  toit  of  I'ntcnttitiojt  is  rt'itiurtt  ton  iitiitiimttu  ; 

and  not  only  is  time  s.ived,  but  the  risk  of  error  is  avoided.  Mr.  tlunlen's  book  has  but 
to  be  known,  and  no  ICnginecr's  or  Architect's  office  will  be  without  a  ca\\^'."  —Arcliitfcl. 

"  A  valnal)lc  actpiisition  to  those  employed  in  extensive  surveys." — Hiiildiuf;  Nc~vs. 

"These  Tables  .-ire  characterised  by  Alisoi.C'fl-;  siMi'i.K  rrv,  and  the  s.aving  of  time 

effected  by  their  use  is  most  material  Everyone  connected  witli  lOngineering 

fir  Survey  should  be  made  aware  of  the  e.sislence  of  this  elaborate  and  useful  .set  of 
1  ables." — liiiililer. 


14 


CHARLES   GRIFFIN  ,b   CO  MP  ANTS 


LEAKED   (Arthur,  M.D.,  F.R.C.P.,  late  Senior 

Physician  to  the  Great  Northern  Hospital) : 

IMPERFECT  DIGESTION  :  Its  Causes  and  Treatment.  Post  8vo. 
Cloth,  4/6.    Sixth  Edition. 

"  It  now  constitutes  about  the  best  work  on  the  subject." — Lancet. 
'  Dr.  Leared  has  treated  a  most  important  subject  in  a  practical  spirit  and  popular 
manner." — Medical  Titiies  and  Gazette. 

"  A  useful  manual  of  the  subject  upon  which  it  treats,  and  we  welcome  it  as  an 
addition  to  our  Medical  Literature." — Dublin  Qnartcrly  yournal  of  Medical  Science. 

MOFFITT  (StafF-Assistant-Surgeon  A.,  late  of  the 

Royal  Victoria  Hospital,  Netley)  : 

A  MANUAL  OF  INSTRUCTION  FOR  ATTENDANTS  ON 
THE  SICK  AND  WOUNDED  IN  WAR.  With  numerous  Illustra- 
tions.   Post  8vo.    Cloth,  5/- 

*^*  Published  wider  the  sanction  of  the  National  Society  for  Aid  to  the  Sick  and 
Wounded  in  War. 

"A  work  by  a  practical  and  e.xperienced  author.  After  an  explicit  chapter  on  the 
Anatomy  of  the  Human  Body,  directions  are  given  concerning  bandaging,  dressing  of 
sores,  wounds.  S:c.,  assistance  to  wounded  on  field  of  action,  stretchers,  mule  litters, 
ambulance,  transport,  &c.  All  Dr.  Moflntt's  instructions  are  assisted  by  well-executed 
illustrations." — Public  Opinion. 

"A  well  written  volume.  Technical  language  has  been  avoided  as  much  as  possible, 
and  ample  explanations  are  afforded  on  all  matters  on  the  uses  and  management  of  the 
Field  Hospital  Equipment  of  the  British  Army," — Standard. 

NAPIER  (James,  F.R.S.E.,  F.C.S.): 

A  MANUAL  OF  ELECTRO-METALLURGY.  With  numerous 
illustrations.    Crown  8vo,  cloth  7/6.    Fifth  Edition,  revised  and  enlarged. 

GENERAL  CONTENTS. 


I. — History  of  the  Art. 
II. — Description  of  Galvanic  Batteries 
and  their  Respective  Peculiarities. 

III.  — Electkotvpe  Processes. 

IV.  — Bronzing. 

V. — Miscellaneous  Applications  of  the 
Process  of  Coating  with  Copper. 


VI. — Deposition  of  Metals  upon  one 
another. 
VII. — Electro-Plating. 
VIII. — Electro-Giluing. 
IX. — Results  of  Experiments  on  the 
Deposition    of  other    Metals  as 
Coatings. 
X. — Theoretical  Observations. 


"A  work  that  has  become  an  established  authority  on  Electro-Metallurgy,  an  art 
which  has  been  of  immense  use  to  the  Manufacturer  in  economising  the  quantity  0/ the 

precious  metals  absorbed,  and  in  extending  tlie  sale  of  Art  Manufactures  

We  can  heartily  commend  the  work  as  a  valuable  handbook  on  the  subject  on  which  it 
treats." — Journal  of  Applied  Science. 

"  The  fact  of  Mr.  Napier's  Treatise  having  reached  a  fifth  edition  is  good  evidence 

of  an  appreciation  of  the  Author's  mode  of  treating  his  subject  A  very  u.seful 

and  practical  little  RIanual." — Iron. 

"The  Fifth  Edition  has  all  the  advantages  of  a  new  work,  and  of  a  proved  and  tried 
friend.  Mr.  Napier  is  well  known  for  the  carefulness  and  accuracy  with  which  he  writes. 
.  .  .  There  is  a  thoroughness  in  the  handling  of  the  .subject  which  is  far  from  general 
in  these  days.  .  .  .  The  work  is  one  of  those  which,  besides  supplying  first-class 
information,  are  calculated  to  inspire  invention."— yi-TCf/Zer  and  H''atc/imak-er. 
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N^VPIER  (James,  F.R.S.E.,  F.C.S.)  : 

A  MANUAL  OF  THE  ART  OF  DYEING  AND  S  DYEING 
RECEIPTS.  Illustrated  by  Diagrams  and  Numerous  Specimens  of 
Dyed  Cotton,  Silk,  and  Woollen  Fabrics.  Demy  8vo.,  cloth,  21/-. 
Third  Edition,  thoroughly  revised  and  greatly  enlarged. 


GENERAL  CONTENTS: 


I. — Heat  .and  Light. 
•II.— A  Concise  System  of  Chesiistrv, 
with  special  reference  to  Dyeing. 

lit.— M0KD.\NTS  A.ND  AlTER.\NTS. 


1  IV. — Vegetable  Matters  in 
Dye-house. 
V. — Animal  Dyes. 
VI  — Coal-tar  Colours, 


Appendi.\'— Receipts  for  Manipulation. 


"The  numerous  Dyeing  Receipts  and  the  Chemical  Information  furnished  will  be 

exceedingly  valuable  to  the  Practical  Dyer  A  Manual  of  necessary  reference  to 

all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific  discoveries  of 
the  time." — Journal  of  Applied  Science. 


In  Preparation.  Demy  8vo.,  Third  Edition  :  thoroughly  Revised,  Augmented, 

and  in  part  Re-written, 

QUanuaf  of  (Keofogg 

THEORETICAL   &  PRACTICAL, 

By   JOHN   PHILLIPS,  M.A.,  F.R.S., 

Late  Professor  of  Geolog}'  in  the  University  of  O.xford. 
EDITED  BY 

ROBERT  ETHERIDGE,  F.R.S., 

Palwontologist  to  the  Geological  Survey  of  Great  Britain,  President 
of  the  Geological  Society  ;  and 

HARRY  GOVIER   SEELEY,  F.R.S., 

Professor  of  Geography  in  King's  College,  London. 
With  Nuinei'ons  Tables,  Sections,  and  Figures  of  Characteristic  Fossils. 


The  PtTBl-lSHEKS  have  much  pleasure  in  announcing  that  the  above  important 
work  is  now  at  Press,  and  will  shortlj'  be  issued.  The  names  of  the  Editors 
are  sufficient  guarantee  for  the  thoroughness  and  high  scientific  accuracy 
with  which  the  revision  has  been  conducted.  While  brought  fully  abreast  of 
the  most  recent  developm'jnts  in  Geological  Science,  the  Manual  retains 
those  features  which  rendered  the  former  Editions  e.xceptionally  efficient  both 
for  teaching  purposes  and  as  a  philosophical  work  of  reference,  and  in  no 
case  has  the  method  of  treatment  adopted  by  the  author  been  needlessly 
departed  from.  The  New  Edition  will  thus  be  found  to  maintain  in  every 
point  the  prestige  of  the  original  work,  and  to  offer  distinctive  features  in 
the  several  departments  of  Geology  and  Palaeontology,  which  are  calculated 
to  make  the  present  issue  an  imjioi  tant  event  in  the  History  of  Geological 
Progress. 
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PHILLIPS  (J.  Arthur,  M.  Inst.  C.E.,  F.C.S.,  F.G.S, 

Ancien  Eleve  de  I'Ecole  des  Mines,  Paris)  : 

ELEMENTS  OF  METALLURGY  :  a  Practical  Treatise  on  the 
Art  of  Extracting-  Metals  from  their  Ores.  With  over  Two  Hundred 
Illustrations,  many  of  which  have  been  reduced  from  Working  Drawings. 
Ro3'al  8vo.,  764  pages,  cloth,  34/-. 

GENERAL    CONTENTS : 
L — A  Treatise  on  Fuels  and  Refractory  Materials. 
IL — A  Description  of  the  principal  Metalliferous  Minerals,  with 
their  DISTRIBUTION, 
in. — Statistics  of  the  amount  of  each  Metal  annually  produced 
throughout  the  World,  obtained  from  official  sources,  or,  where 
this  has  not  been  practicable,  from  authentic  private  information. 
IV. — The  Methods  of  Assaying  the  different  Ores,  together  with 
the  Processes  of  Metallurgical  Treatment,  comprising  : 


Refractory  Materials.       Antimony.  Iron. 
Fire-Clays.  Arsenic.  Cobalt. 

Fuels,  &c.  Zinc.  Nickel. 

Aluminium.  Mercur}^.  Silver. 

Copper.  Bismuth.  Gold. 

Tin.  Lead.  Platinum. 

"  'Elements  of  Metalhirgj''  possesses  intrinsic  merits  of  tlie  highest  degree.  Such  .-i 
work  is  precisely  wanted  by  the  great  majority  of  students  and  practical  workers,  and  its 
very  compactness  is  in  itself  a  lirst-rate  recommendation  In  our  opinion  the 


best  work  ever  written  on  the  subject  with  a  view  to  its  practical  treatment." — ll'cst- 
invistcr  Revieiv. 

"  There  can  be  no  possible  doubt  that  '  Elements  of  Metallurgy''  will  be  eagerly 
sought  for  by  Students  in  Science  and   Art,  as  well  as  by  Practical   Workers  in 

Metals  Two  hundred  and  fifty  pages  are  devoted  exclusively  to  the  ^Metallurgy 

ot  Iron,  in  which  every  process  of  manufacture  is  treated,  and  the  latest  improve- 
ments accurately  detailed." — Colliery  Guardian. 

"The  value  of  this  work  is  almost  inestimable.    There  can  be  no  question  that  the 

amount  of  time  and  labour  bestowed  on  it  is  enormous  There  is  certainly  no 

Metallurgical  Treatise  in  the  language  calculated  to  prove  of  such  general  utility  to 
the  Student  really  seeking  sound  practical  information  upon  the  subject,  and  none 
which  gives  greater  evidence  of  the  extensive  metallurgical  knowledge  of  its  author.  ' 
— Mining  Journal. 


PORTER  :  (Surgeon-Major  J.  H.,  Late  Assistant- 

Professor  of  Military  Surgery  in  the  Army  Medical  School,  and  Hon. 
Assoc.  of  the  Order  of  St.  lohn  of  Jerusalem)  : 

THE  SURGEON'S  POCKET-BOOK  :  an  Essay  on  the  Best  Treat- 
ment of  the  Wounded  in  War  ;  for  which  a  Prize  was  awarded  hy  Her 
Majesty  the  Empress  of  Germany.  Specially  adapted  to  the  Public 
Medical  Services.  With  152  Illustrations,  i6mo.,  roan,  7/6.  Second 
Edition.,  Revised  and  Enlarged. 

"  Every  Medical  Officer  is  recommended  to  have  the  '  Surgeon's  Pocket  Book  '  by 
Surgeon-M.ajor  Porter,  accessible  to  refresh  his  nicmorj'  and  fortify  his  judgment." — 
J'ricis  of  I''icld  Scn'icc  jMciiicnl  Ar>-nngc>ncnts  for  Afghan  War. 

"A  complete  -'ai/c  niccniii  to  guide  the  military  surgeon  in  the  field." — British 
Medical  Journal. 

"A  capital  little  book  ...  of  the  greatest  practical  v.ilue.  ...  A  surgeon 
with  this  Manu.-il  in  his  pocket  becomes  a  man  of  resource  at  once.  "— IVestiiiinsiir 
RericvK 

"So  fully  Illustrated  that  for  Lay-Readers  and  Amuulanck-Work  it  will  prove 
eminently  Vi^ciwX.  "  —  Medical  Times  and  Gazette. 
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SCIENTIFIC  MANUALS. 

BY 

W.  J.  MACQUORN  RANKINE,  C.E.,  LLD.,  F.R.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 


I.  RANKINE  (Prof.):  APPLIED  MECHANICS 

(A  Manual  of)  ;  comprising'  the  Princi]jies  of  Statics  and  Cinematics, 
and  Theory  of  Structures,  Mechanism  and  Machines.  With  numerous 
Diagrams.    Crown  8vo.    Cloth,  12/C.    Ten///  Edition. 

"Cannot  fail  to  be  adopted  as  a  text-booU  The  whole  of  the  information  is 

so  admirably  arranged  that  there  is  every  facility  for  reference." — Miniiit^  JournaL 

II.  RANKINE  (Prof.):  CIVIL  ENGINEERING 

(A  Manual  of)  ;  comprising-  Engineering  Surveys,  Earthwork, 
Eoundations,  Masonry,  Carpentry,  Motal-work,  Roads,  Railways. 
Canals,  Rivers,  Water-works,  Harbours,  &c.  With  numerous  Tables  and 
Illustrations.    Crown  8vo.    Cloth,  16/-.    Thirteenth  Edition. 

"  Far  surpasses  in  merit  every  existing  work  of  the  kind.  As  a  Manual  for  the 
hands  of  the  professional  Civil  Engineer  it  is  sufficient  and  unrivalled,  and  even  when 
we  say  this,  we  fall  short  of  that  high  appreciation  of  Dr.  Rankiiie's  labours  which  we 
should  like  to  express." — The  Engineer. 

III.  RANKINE  (Prof.)  :    MACHINERY  AND 

MILL  WORK  (A  Manual  of)  ;  comprising  the  Geometry,  Motions, 
Work,  Strength,  Construction,  and  Objects  of  Machines,  &c.  Illustrated 
with  nearly  300  W  oodcuts.    Crown  8vo.    Cloth,  12/6.    Fourth  Edition. 

"Professor  Raiikine's  'Manual  .of  Machinery'  and  MiUwork'  fully  maintains  the 
high  reputatii.'n  which  he  enjoys  as  .a  scientific  author  ;  higher  praise  it  is  dillicult  to 
award  to  any  book.  It  cannot  fail  to  be  a  lantern  to  the  feet  of  every  engineer." — 
The  Engineer. 

IV.  RANKINE    (Prof.):     THE    STEAM  EN- 

GINEand  OTHER  PRIME  MOVERS  (A  Manual  of).  With  Diagram  of 
the  Mechanical  Properties  of  Steam,  numerous  I'ables  and  Illustrations. 
Crown  8vQ.    Cloth,  I2'6.    Ninth  Edition. 

V.  RANKINE  (Prof):    USEFUL  RULES  and 

TABLES  for  Architects,  Builders,  Car|)entcrs,  Coachbuilders, 
Engineers,  Engravers,  Founders,  Mechanics,  Shipbuilders,  Surveyors, 
Wheelwrights,  &c.    Crown  8vo.    Cloth,  9/-.    Fifth  Edition. 

"  Un<loiibtedly  the  most  u.scful  collection  of  engineering  data  hitherto  produced." — 
Mining  ')ourn/tt. 

VI.  RANKINE    (Prof)  :     A  MECHANICAL 

TEXT-BOOK.  I5y  Prof.  Macouokn  R.a.nkink  and  E.  F.  Bambek,  CE. 
With  numerous  Illustrations.    Crown  8vo.    Cloth,  15/-    Second  Edition. 

"  The  work,  as  a  whole  Is  very  complete,  and  likely  to  |>rove  invaluable  for  fur- 
nishing a  useful  and  reliable  oulhne  of  the  subjects  treated  of." — Mining  Joumttl. 

'1  HE  MiiciiANK  Ai.  TKXT-IitiOK  forms  a  simple  Introduction  to  Proff.ssok  Rankine's 
Skkm;s  of  Manuals  on  Knc.im-;i!hin(;  and  Mkciiamcs. 
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Prof.  Rankine's  Works — {coiiHnuecT). 

VII.    RANKINE    (Prof.):  MISCELLANEOUS 

SCIENTIFIC  PAPERS,  from  the  Transactions  and  Proceedings  of  the 
Royal  and  other  Scientific  and  Philosophical  Societies,  and  the  Scientific 
Journals.    Royal  8vo.    Cloth,  price  31/6. 

Part  I. — Papers  relating-  to  Temperature,  Elasticity,  and  Expansion  of 
Vapours,  Liquids,  and  Solids. 

Part  II. — Papers  on  Energy  and  its  Transformations. 

Part  III. — Papers  on  Wave-Forms,  Propulsion  of  Vessels,  &c. 

With  Memoir  by  P.  G.  Tait,  M.A.,  Prof,  of  Natural  Philosophy  in  the 
University  of  Edinburgh.  Edited  by  W.  J.  Millar,  C.E.,  Secretary 
to  the  Institute  of  Engineers  and  Shipbuilders  in  Scotland.  With  fine 
Portrait  on  Steel,  Plates,  and  Diagrams. 

"No  more  enduring  Memorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.  .  .  'I'he  Collection  is  most  valuable  on  account 
of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis.  .  .  . 
The  Volume  e.\ceeds  in  importance  any  work  in  the  same  department  published  in  our 
time." — Architect. 

SEATON  (A.  E.,  Lecturer  on  Marine  Engineering 

to  the  Royal  Naval  College,  Greenwich,  and  Member  of  the  Institute 
of  Naval  Architects)  : 

A  MANUAL  OF  MARINE  ENGINEERING  :  Comprising  the 
Designing,  Construction,  and  Working  of  Marine  Machinery.  With 
numerous  Illustrations.     {In  preparation'). 


SHELTON  (W.  Vincent,  Foreman  to  the  Imperial 

Ottoman  Gun-Factories,  Constantinople). 

THE  MECHANIC'S  GUIDE:  A  Hand-Book  for  Engineers  and 
Artizans.  With  Copious  Tables  and  Valuable  Receipts  for  Practical 
Use.    Illustrated.    Crown  8vo.    Cloth,  7/6. 


GENERAL  CONTENTS. 


Part 
Part 
Part 
Part 


-Wheel-  and  Screw-Cut- 


Pakt  v.- 
ting. 

Part    VI.-— Miscellaneous  Subjects. 
Part  VI 1. — The  Steam  Engine. 
Part  VIII. — The  Locomotive. 


I. — Arithmetic. 
II. — Geometry. 

III.  — Mensuration. 

IV.  — Velocities  in  Boring  and 
A'Vheel-Gearing. 

"The  Mf.chanic's  Guide  will  answer  its  purpose  as  completely  as  a  whole  .series  of 
elaborate  text  books. — Mining  Journal. 

"  Ought  to  have  a  place  on  the  bookshelf  of  every  INIechanic." — Iroit. 

"  Much  instruction  is  here  given  without  pedantry  or  pretension."— Biiiitiir. 

"  A  sine  gm'i  tion  to  every  practical  Mechanic." — Railway  Service  Gazette. 

*/  This  Work  is  specially  intended  for  Self  Teachers,  and  places  before  the  Re.idera 
concise  and  simple  e.\planation  of  General  Principles,  together  with  Illustrations  of  their 
adaptation  to  Practical  Purposes. 
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THOMSON  (Spencer,  M.D.,  L.R.C.S.,  Edinburgh): 

A  DICTIONARY  of  DOMESTIC  MEDICINE  and  HOUSE- 
HOLD SURGERY.  Thoroughly  revised  and  brought  down  to  the 
present  state  of  Medical  Science.  With  an  additional  chapter  on  the 
Management  of  the  Sick  Room  ;  and  Hints  for  the  Diet  and  Comfort  of 
Invalids.  Many  illustrations.  Demy  8vo.,  750  pages.  Cloth,  8/6, 
Fifteenth  Edition. 

"The  best  and  safest  book  on  Domestic  Medicine  and  Household  Surgery  whicli  has 
yet  appeared." — London  Journal  0/ Medicine. 

"  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful 
professional  knowledge." — Dublin  Journal  of  Medical  Scicncn.. 

"  Worth  its  weight  in  gold  to  families  and  the  clerg>'." — O-vford  Herald. 


WYLDE    (James,  formerly    Lecturer  on  Natural 

Philosophy  at  the  Polytecnic)  : 
,    THE  MAGIC  OF  SCIENCE  :  A  Manual  of  Easy  and  Amusing 
Scientific  Experiments.    With  Steel  Portrait  of  Faraday  and  many  hun- 
dred Engravings.    Crown  8vo.     Cloth  gilt  and  gilt  edges,  5/-.  Third 
Edition. 

"  f)f  priceless  value  to  furnish  work  for  idle  hands  during  the  holidays.  A  thousand 
mysteries  of  Modern  Science  are  here  unfolded.  We  learn  how  to  make  0.\ygen  Gas, 
how  [0  construct  a  Galvanic  Battery,  how  to  gild  a  Medal  Ijy  Electro-plating,  or  to 
reproduce  one  by  Electrotyping,  how  to  make  a  Microscope  or  t.ike  a  Photograph  ;  while 
the  elements  of  iVIechanicsare  explained  so  simply  and  clearly  that  the  most  unmechanical 
of  minds  must  understand  them.  Such  a  work  is  deserving  of  the  highest  praise." — Tlie 
Graphic. 

"  To  those  who  need  to  be  allured  into  the  paths  of  natural  science  by  witnessing  the 
wonderful  results  that  can  be  p. oduced  by  well-contrived  experiments,  we  do  not  know 
that  we  could  recommend  a  more  useful  volume." — At/ienwiii;!. 
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Educational  Woi'ks. 


BRYCE    (Archibald    Hamilton,    D.C.L.,  LL.D., 

Senior  Classical  Moderator  in  the  Universit}'  of  Dublin)  : 

\'1RG1LII  OPERA.  Text  from  Hevne  and  Wagner.  English 
Notes,  original,  and  selected  from  the  leading  German,  American  and 
English  Commentators.  Illustrations  from  the  antique.  Complete  in 
One  Volume,  fcap.  8vo,  cloth,  6/-.    Fourteenth  Edition. 

Or,  in  Three  Parts  : 

Part  I.    Bucolics  and  Georgics    2/6 

Part  II.  The  ^NEiD,  Books  I.-VI   2/6 

Part  III.  The /Eneid,  Books  ATI.-XIl.       ...  2/6 

"  Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject 
 'I'he  notes  comprise  everything  that  the  student  can  want." — Athenienin. 

"  The  most  complete,  as  well  as  elegant  and  correct  edition  of  Virgil  ever  published 
in  this  country." — Edncntional  Times. 

The  best  commentary  on  Virgil  which  a  student  can  obtain."— i'l-o/j/wn;/. 

COBBETT  (William):  ENGLISH  GRAMMAR, 

in  a  Series  of  Letters,  intended  fur  the  use  of  Schools  and  Young  Per- 
sons in  general.  With  an  additional  chapter  on  Pronunciation,  b}'  the 
Author's  Son,  James  Paul  Cobuett.  Fcap.  8vo.  Cloth,  1/6.  (The 
only  correct  and  authorised  Edition  1 . 

"  A  new  and  cheapened  edition  of  that  most  e.vcellent  of  all  English  Grammars, 
William  Cobbett's.  It  contains  new  copyright  matter,  .xs  well  as  includes  the  equ.illy 
amusing  and  instructive  '  Si.x  Lessons  intended  to  prevent  statesmen  from  writing  in 
an  awkward  manner.'" — A  tins. 

COBBETT  (William:)  A  FRENCH  GRAMMAR, 

Fcap.  8vo.     Cloth,  3/6.    Fifteenth  Edition. 

COBBETT  (James  Paul)  :  A  LATIN  GRAMMAR. 

Fcap.  Svo.     Cloth,  2  -. 

COBBINS    MANGNALL:  MANGNALL'S 

HISTORICAL  AND  MISCELLANEOUS  QUESTIONS,  for  the  use 
of  \oung  People.  By  Richmal  Manc.nai.L.  Greatl}'  enlarged  and 
corrected,  and  continued  to  the  present  time,  by  Ingram  CouiiiN,  M.A., 
l2mo.    Cloth,  4/-.    Fifty-third  Thousand.    Nfiv  Illustrated  Edition. 

COLERIDGE  (Samuel  Taylor):  A  DISSERTA- 
TION ON  THE  SCIENCE  OF  METHOD.  ( Encyclopa-dm  Metro- 
poUlana.)    With  a  Synopsis.    Crown  Svo.    Cloth,  2/-.    Ninth  Edition. 


ED  UCA  TIO  NA  L   P  UB  L  WA  TIO  NS. 
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CEAIK'S  ENGLISH  LITERATURE. 

A  COMPENDIOUS  HISTORY  OF  ENGLISH  LITERATURE  AND 
OF  THE  English  Language  from  the  Norman  Conquest.  With 
numerous  Specimens.  By  George  Ln.LlE  Craik,  LL.D.,  kite  Professor 
of  History  and  Eng-lish  Literature,  Queen's  College,  Belfa'^t.  In  t\vo 
vols.    Royal  8vo.    Handsomely  bound  in  c'.oth,  25/-.    /Vew  Ediiioii. 

GENERAL  CONTENTS. 

Introductory. 

I. — The  Norman  Pekiop — The  Conquest. 
II. — Second  English — commonly  called  Semi-Saxon. 
III. — Third  English — Mixed,  or  Compound  Eng-li.sh. 

IV.  — Middle  and  Latter  Part  of  the  Seventeenth  Centukv. 

V.  — The  Century  hetween  the  English   Revolution  and 

the  French  Revolution. 

VI.  — The  latter  part  of  the  Eighteenth  Century. 

VII.  — The  Nineteenth  Century  (a)  The  Last  Age  of  the 

Georges.- 
[b]  The  Victorian  Age. 

With  JiHinerons  Excerpts  and  Specimens  of  Style. 

*'.\nyone  who  will  take  the  trouble  to  ascertain  the  fact,  ^vill  find  how  completely 
even  our  great  poets  antl  other  writers  of  the  last  generation  have  already  faded  from 
the  view  of  the  present,  with  the  most  numerous  class  of  the  educated  and  reading 
public.    Scarcely  anything  is  generally  read  except  the  publications  of  the  day.  Ve  t 

NOTHING  IS  MORE  CKUTAIN  THAN    TH AT  NO  TR U E  CC LTl V ATION  CAN  HE  SO  ACQflRED. 

This  is  the  e.xtreme  case  of  that  entire  ignorance  of  history  which  has  been  alTirmed, 

not  with  more  point  than  truth,  to  leave  a  person  always  a  child  

'I'he  present  work  combines  the  Historv  of  the  Literature  with  the  History  ok 
THE  Language.  The  scheme  of  the  course  and  revolutions  of  the  language  which  is 
followed  here  is  extremely  simple,  :uk1  resting  not  upon  arbitrary,  but  upon  n.'itural 
or  real  distinctions,  gives  us  the  only  view  of  the  subject  that  can  claim  to  be  regarded 
as  of  a  scientific  character."— £'.r/w('/y>w//  the  Authors  I'rcfcur. 

"  Professor  Craik's  book  going,  a.s  it  does,  through  the  whole  history  of  the  language, 
probably  takes  a  place  (piite  Ijy  itself.  The  great  value  of  the  book  is  its  thorough 
com])rehcnsiveness.  It  is  always  clear  and  straightforward,  and  deals  not  in  theories 
but  in  facts." — Saturday  Kc7'if'u. 

"Professor  Craik  has  succeeded  in  ni.-iking  a  book  more  than  usually  agreealjle.'  — 
T/iL'  Titucs. 

CRAIK  (Prof.):    X  MANUAL  OF  ENGLISH 

LITER.'XTURE,  for  the  use  of  Colleges,  Schools,  and  Civil  Service 
Examinations.  Selected  from  the  lafger  work,  by  Dr.  Craik.  Crown  8vo. 
Cloth,  7/6.    Eif^htli  Edition. 

"A  Manual  of  Knglish  Literature  from  so  experienced  and  well-read  a  scholar  as 
Professor  Craik  needs  no  other  recommendation  than  the  mention  of  its  existence."— 
Sfcciator. 

"  'I'his  augmented  cflbrt  will,  we  doubt  not,  be  received  with  decided  approbation 
by  those  who  are  entitled  to  judge,  and  studied  with  much  profit  by  those  who  want 

to  le.-irn  If  our  young  readers  will  give  healthy  perusal  to  Dr.  Craik's  work,  they 

will  greatly  benefit  by  the  wide  and  .sound  views  he  lias  placed  before  l':cm." — 
yl  thvua'uni. 
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WORKS  by  CHARLES  T.  CRUTTWELL,  M.A., 

Fellow  of  Merton  College,  Oxford,  and  Head  Master  of  Malvern  College. 

I.— A  HISTORY  OF  ROMAN  LITERATURE  :  from  the  Earliest 
Period  to  the  Times  of  the  Antonines.  Crown  8vo,  cloth  bevelled,  8/6. 
Third  Edition. 

"Mr.  Cruttwell  has  done  a  real  .service  to  all  Students  of  the  Latin  Language 
and  Literature.    .    .    .    Full  of  good  scholarship  and  good  criticism." — Atkeiuemn. 

'*  A  most  serviceable — indeed,  indispensable — guide  for  the  Student.  .  .  .  The 
'general  reader'  will  be  both  charmed  and  instructed." — SaUtrday  Rtrz'iczv. 

"The  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  suc- 
ceeded.   There  is  not  a  dull  page  in  the  volume." — Academy. 

"The  great  merit  of  the  work  is  its  fulness  and  accuracy-." — Gtiardina. 

"  This  elaborate  and  very  careful  work  ...  in  ever^'  respect  of  high  merit. 
Nothing  at  all  equal  to  it  has  hitherto  been  published  in  England.  ' — B7-itish  Quarterly 
Kevimu. 

Coinpaiiion  Vo/iin'e. 

II.— SPECIMENS  OF  ROMAN  LITERATURE  :  from  the  Earliest 
Period  to  the  Times  of  the  Antonines.  Passages  from  the  Works  of 
Latin  Authors,  Prose  Writers  and  Poets  : 

Part  I. — Roman  Thought  :  Religion,  Philosophy  and  Science, 
Art  and  Letters  ; 

Part  II. — Roman  St  vie  :  Descriptive,  Rhetorical,  and  Humorous 
Passages. 

With  Synopsis  and  Indices  complete. 
Edited  by  C.  T.  Cruttwell,  M.A.,  Merton  College,  O.xford  ;  and 
Peake  Banto.V,  M.A.,  sometimes  Scholar  of  Jesus  College,  Cambridge. 
Crown  Bvo.    Cloth  bevelled,  io,6. 

"A  volume,  which,  for  the  sound  judgment  e,\ercised  in  plan  and  selection,  calls  for 
hearty  commendation." — Saturday  J^ni/'fw. 

"  It  is  hard  to  conceive  a  completer  or  handier  repertory  of  specimens  of  Latin 
Thought  or  Style. ' — Contonfoi-ary  Rezncw. 

"  I'here  is  no  other  book  of  the  kind  in  this  country  which  can  be  more  .safely  recom- 
mended, either  for  its  breadth,  cheapness,  or  interest  to  the  most  varied  classes  of 
readers." — Prof.  Ellis  in  the  Academy. 


CURRIE  (Joseph,  formerly  Head  Classical  Master 

of  Glasgow  Academy)  : 

HORATII  OPERA  :  Text  from  Orellius.    English  notes,  original, 
and  selected  from  the  best  Commentators.    Illustrations  from  the  an- 
tique.   Complete  in  One  \^olume,  fcap.  Bvo,  cloth,  5;'-. 
-  Or  in  Two  Parts  : 

Part  I.    Carmina    3/- 

Part  II.  Satires  and  Epistles         ...  3/- 

"The  notes  are  excellent  and  exhaustive." — Quarterly  Journal  of  Education. 

CURRIE     (Joseph):       EXTRACTS  FROM 

C/ESAR'S  COMMENTARIES;  containing  his  description  of  Gaul, 
Britain  and  Germany.  With  Notes,  \'ocabulary,  Sac.  Adapted  for 
Young  Scholars.  iSmo.  Cloth,  1/6.    Foitrth  Edition. 

D'ORSEY  (Rev.  Alex.  J.  D.,  B.D.,  Corpus  Christi 

Coll.,  Camliridge,  Lecturer  at  King's  College,  London)  : 

SPELLING  BY  DICTATION  :  Progressive  Exercises  in  English 
Orthography,  for  Schools  and  Civil  Service  Examinations.  l8mo. 
Cloth,  l/-.    Sixteenth  Thousand. 


ED  UOA  TIONAL  P  UBLICA  TIONS. 
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i^LEMING    (William,    D.D.,    late    Professor  of 

Moral  Philosophy  in  the  University  of  Glasgow)  : 

THE  VOCABULARY  OF  PHILOSOPHY  :  Mental,  Moral, 
A\n  Metaphysical.  With  Quotations  and  References  for  the  Use  of 
Students.  Revised  and  Edited  by  Henry  Calderwood,  LL.D.,  Pro- 
fessor of  Atoral  Philosophy  in  the  University  of  Edinburgh.  Crown 
8vo.    Cloth  bevelled,  10/5.    Third  Edition,  enlarged. 

"An  admirable  book.  ...  In  its  present  shape  will  be  welcome,  not  only  to 
Students,  but  to  many  who  have  long  since  passed  out  of  the  class  of  Students, 
popularly  so  called." — Scoisiiui)i. 

/IcBURNEY    (Isaiah,    LL.D.,)  :  EXTRACTS 

FROM  0\'ID'S  METAMORPHOSES.  With  Notes,  Vocabulary,  &c. 
Adapted  for  Young  Scholars,    iSmo.    Cloth,  1/6.    Third  Edition. 

CENTAL    SCIENCE  :     SAMUEL  TAYLOR 

COLERIDGE'S  Celebrated  Essay  on  METHOD  ;  Archbishop 
Whately's  Treatises  on  LOGIC  and  RHETORIC.  Crown  8vo.  Cloth 
5/-.     Tenth  Edition. 


WORKS    BY    WILLIAM    RAMSAY,  M.A„ 

Trinity  College,  Carabridge,  late  Professor  of  Humanity  in  the  University  of  Glasgow. 

L    MANUAL   OF    ROMAN  ANTIQUITIES. 

For  the  use  of  Advanced  Students.  With  Map,  130  Engravings,  and 
very  copious  Index.  Revised  and  enlarged,  with  an  additional  Chapter 
on  Roman  Agriculture.    Crown  8vo.    Cloth,  8/6.    Tiuelfth  Edition. 

GENERAL  CONTENTS. 
I. — The  Topography  of  Rome. 
II. — The   Origin   of  the    Roman    People  ;  their   Political   and  Social 

Organization  ;  Religion  ;  Kalendar  ;  and  Private  Life. 
III. — General    Principles    of  the    Roman    Constitution  ;  the    Rights  of 
Different    Classes  ;    the    Roman    Law    and    Administration  of 
Justice. 

W . — The  Comitia  ;  Magistrates;  the  Senate. 
\'. — Military  and  Naval  Affairs  ;   Revenues  ;  Weights  and  Measures  ; 
Coins,  &c. 

VI. — Public  Lands  ;  Agrarian  Laws  ;  Agriculture,  &c. 

"Comprises  all  the  results  of  modern  improved  scholarship  within  .t  moderate  com- 
pass.'"— //  tkfitcrunL. 

RAMSAY      (Prof.):       AN  ELEMENTARY 

MANUAL  OF  ROMAN  ANTIQUITIES.  Adapted  for  Junior  Classes. 
With  numerous  Illustrations.    Crown  8vo.    Cloth  4/-.     Seventh  Edition. 

?IAMSAY  (Prof.):    A  MANUAL   OF  LATIN 

PROSODN'.  Illustrated  by  Copious  Examples  and  Critical  Remarks. 
For  the  use  of  Advanced  Students.  Revised  atid  greatly  enlarged. 
Crown  8vo.    Cloth,  5/-.    Sixth  Edition. 

"  There  is  no  other  work  on  the  subject  worthy  to  compete  with  it.  '  -Atliauruiii. 

FIAMSAY      (Prof.):        AN  ELEMENTARY 

IMANUAL  OF  LATIN  PROSODY.  Adajucd  for  Junior  Classes 
Crown  8vo.    Cloth,  2/-. 
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THE     SCHOOL     BOARD  READERS: 
A  New  Series  of  Standard  Reading-Books. 
EDITED  BY  A  FORMER  H.M.  INSPECTOR  OF  SCHOOLS. 

Recommended  by  the  London  School  Board, 
Aitd  adopted  hy  many  School  Boards  ihrougliottt  the  Country. 


Elementary  Reading-Book,  Part  I. — Containing  Lessons  </. 
in  all  the  Short  Vowel  Sounds.    Demy,  i8mo.,  i6  pages. 
In  stiff  wrapper        .       .       .       .       .       .       .  .01 

Elementary  Reading-Book,  Part  II. — Containing  the 
Long  Vowel  Sounds  and  other  .Monos3-llables.  Demy 
i8mo.,  48  pages.    In  stiff  wrapper  .... 

Standard  I. — Containing  Reading,  Dictation,  and  Arith 
metic.    Demy  i8mo.,  96  pages.    Neat  cloth 

Standard  II. — Containing  Reading,  Dictation,  and  Arith 
metic.    Demy  i8mo.,  128  pages.    Neat  cloth  . 

Standard  III. — Containing  Reading,  Dictation,  and  Arith 
metic.    Fcap.  Svc,  160  pages.    Neat  cloth 

Standard  IV. — Containing  Reading,  Dictation,  and  Arith- 
metic.   Fcap.  8vo.,  192  pages.    Neat  cloth 

Standard  V. — Containing  Reading,  Dictation,  and  Arith- 
metic, with  an  Explanation  of  the  Metric  System  and 
numerous  Examples.  Crown  8vo.,  256  pages.  Neat 
cloth  "...    1  6 

Standard  VI. — Containing  Selections  from  the  best  English 
Authors,  chronologicall}'  arranged  (Chaucer  to  Tenn3-son), 
Hints  on  Composition,  and  Lessons  on  Scientific  Subjects. 
Crown  8vo.,  320  pages.    Neat  cloth         .       .       .  .20 

Key  to  the  Questions  in  .Arithmetic,  in  two  parts,  each   c  6 

Each  Book  of  this  Series  contains  within  itself  all  that  is  necessary  to 
fulfil  the  recjuirements  of  the  Revised  Code,  viz.,  Reading,  Spelling,  and 
Dictation  Lessons,  together  with  E.xercises  in  .Arithmetic  for  the  whole  year. 
The  paper,  type,  and  binding  are  all  that  can  be  desired. 

"Thk  Books  cenekai.lv  are  verv  much  what  we  should  desire." — Tiiiics. 
"The  Series  is  decidedly  one  of  the  ukst  that  have  yet  appeared.' — Athauiuiii. 
"The  choice  of  matter  is  e.\cellent,  and  so  are  the  method  and  style."— .V<-//(i<i/ 
Bnarit  Chronklc. 

"There  are  no  nETXER  Reading  Rooks  I'LULished.  .  .  .  The  advanced 
liDoks  .'ire  gems." — Ediicationul  l\cf>ortrr. 

"  Rcniarkahiy  fresh;  most  of  the  old  stereotyped  forms  have  been  .nb.-indoned. 
The  Kifih  and  .Si.\lh  Hooks  are  capital  production-;,  and  form  a  vaUialilc  epitome  of 
I'.nglish  Literature." — Leah  Mcmiry. 


ELUOA TIONAL  PUBLICATIONS. 
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THE     SCHOOL     BOARD  MANUALS 

Om  the  Specific  Subjects  of  the  Revised  Code, 
BY  A  FORMER  H.M.   INSPECTOR  OF  SCHOOLS, 

Editor  of  the  "  School  Board  Readers." 

64  pages,  stiff  wrapper,  6d.  ;  neat  cloth,  yd.  each. 

—ALGEBRA.  V.— ANIMAL   PHYSIOLOGY.  (Well 

—ENGLISH  HISTORY.  Illustrated  with  good  Engravings). 

—GEOGRAPHY  VI.— BIP.LE  HISTORY.  (Entirely  free 
— PHVSIC.A.L  GEOGRAPHY.  irom  any  Denominational  bias). 

The  School  Bo.'Min  M.VNUALS  contain  all  that  is  necessary  for  passing;' 
Kxtra  Subjects  in  Standards  IV.,  and 

"These  simple  and  well  graduated  Manuals,  adapted  to  the  requirements  of  the 
New  Code,  are  the  most  elementary  of  elementary  wOrks,  and  e.xtremely  cheap. 
They  are  more  useful  as  practical  guide-books  than  most  of  the  more  expensive 
works. " — Sta7iiiard. 

iNIOR   (Nassau  William,   M.A.,  late  Professor 

oi  Political  Economy  in  the  University  of  Oxford)  : 

A  TREATISE  ON  POLITICAL  ECONOMY:  the  Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distriisution  of  Wealth. 
Crown  8vo.    Cloth,  4,-.    Sixth  Edition.    ( Encyclopcedia  Metropolitana) . 

HOMSON  (James)  :    THE  SEASONS.  With 

an  Introduction  and  Notes  by  ROBERT  Bell,  Editor  of  the  "Annotated 
Series  of  British  Poets."    Foolscap  8vo.    Cloth  1/6.    Third  Edition. 

"  An  admir.-ible  introduction  to  the  study  of  our  English  classics." 

^HATELY  (Archbishop)  :    A  TREATISE  ON 

LOGIC.  With  Sj'no[)sis  and  Index.  Crown  8vo.  Cloth,  3/-.  7'he 
Original  Edition.    (Encyclopcedia  Metropolitana) . 


^HATELY  (Archbishop)  :    A  TREATISE  ON 

RHETORIC.  With  Synopsis  and  Index.  Crown  Svo.  Cloth  3/6.  Thf. 
Original  Edition  ( Encyclopaedia  Metropolitana ) . 


'**  specimen  Copies  of  all  the  Educational  \\'orl:s  puhliihcd  liy  Messrs. 
■tries  Griffin  and  Company  may  he  seen  at  th'  Lihrarics  of  the  College  of 
•ceptors,  South  Kensington  Museum,  and  Crystal  Palace  ;  also  at  the  depots 
he  chief  Educational  Societies. 
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Works  in  General  Literature. 


BELL  (Robert,  Editor  of  the  "Annotated  Series  of 

British  Poets.")  : 

GOLDEN  LEAVES  FROiM  THE  WORKS  OF  THE  POETS 
AND  PAINTERS.  Illustrated  by  Sixty-four  superb  Engravings  on 
Steel,  after  Paintings  by  David  Roberts,  Stanfield,  Leslie,  Stot- 
HARD,  Haydon,  Cattermole,  Nasmyth,  Sir  Thomas  Lawrence, 
and  many  others,  and  engraved  in  the  first  style  of  Art  by  FiNDEN, 
Gkeatbach,  Lightfoot,  &c.  4to.  Cloth  pilt,  21/-  ;  unique  walnut 
binding,  30/-;  morocco  antique,  35/-.    Second  Edition. 

"  '  Golden  Leaves '  is  by  far  the  most  important  book  of  the  season.  The  Illustrations 
are  really  works  of  art,  and  the  volume  does  credit  to  the  arts  of  England." — Saturday 
Reviciv. 

"The  Poems  are  selected  with  taste  and  judgment.  ' — Times. 

"The  engravings  are  from  drawings  by  Stothard,  Newton,  Danby,  Leslie,  and 
Turner,  and  it  is  needless  to  say  how  charming  are  many  of  the  above  here  given." — 
A  thetucnin. 

CHRISTISON  (John)  :  A  COMPLETE  SYS- 
TEM OF  INTEREST  TABLES  at  3,  4,  4^  and  5  per  Cent. ;  Tables 
of  Exchange  or  Commission,  Profit  and  Loss,  Discount,  Clothiers',  !Malt, 
Spirit,  and  various  other  useful  Tables.  To  which  is  prefixed  the  Mercan- 
tile Ready  Reckoner,  containing  Reckoning  Tables  from  one  thirty- 
second  part  of  a  penny  to  one  pound.  Greatly  enlarged.  i2mo.  Bound 
in  leather,  4/6.    New  Edition. 


THE  WORKS  OF  WILLIAM  COBBETT. 

THE  ONLY  A  UTHORIZED  EDITIONS. 

COBBETT   (William):    ADVICE   TO  YOUNG 

MEN  and  (incidentally)  to  Young  Women,  in  the  Middle  and  Higher 
Ranks  of  Life.  In  a  Series  of  Letters  addressed  to  a  Youth,  a  Bachelor, 
a  Lover,  a  Husband,  a  Father,  a  Citizen,  and  a  Subject.  Fcap.  8vo. 
Cloth,  2/6.    New  Edition.     Wii/i  admirable  Portrait  on  Steel. 

"  Cobbett's  great  qualities  were  immense  vigour,  resource,  energj',  and  courage, 
joined  to  a  force  of  understanding,  a  degree  of  logical  power,  and  above  all  a  force  of 

expression,  which  have  rarely  been  equalled  He  was  the  most  English  of 

Englishmen." — Saturday  Kcviaw. 

"With  all  his  faults,  Cobbett's  style  is  a  continual  refreshment  to  the  lover  of 
'  English  undefiled."— /-"rt//  Mall  Gazette. 

COBBETT  (Wilham):  COTTAGE  ECONOMY: 

Containing  information  relative  to  the  Brewing  of  Beer,  Making  of 
Bread,  Keeping  of  Cows,  Pigs,  Bees,  Poultry,  &c.  ;  and  relative  to 
other  matters  deemed  useful  in  conducting  the  affairs  of  a  Poor  Man's 
I'amily.  New  Edition,  revised  by  the  Author's  Son.  Fcap.  8vo. 
Cloth  2/6.    Eigliteeutli  Edition. 
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William  Cobbett's  Works — (continued.) 

;OBBETT  (Wm.)  :  EDUCATIONAL  WORKS. 

(See  page  20). 

lOBBETT  (Wm.) :  A  LEGACY  to  LABOURERS  : 

An  Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land. 
With  a  Preface  by  tlie  Author's  Son,  John  M.  Cobbett,  late  M.P.  for 
Oldham.    Fcap.  8vo.    Cloth,  1/6.    New  Edition. 

"The  book  cannot  be  too  much  studied  just  now." — Noncotiforiiiist. 

"  Cobbett  was,  perhaps,  the  ablest  Political  writer  England  ever  produced,  and  his 

influence  as  a  Liberal  thinker  is  felt  to  this  day  It  is  a  real  treat  to  read  his 

strong  racy  language." — Public  Opinion. 

:OBBETT  (Wm.)  :  A  LEGACY  to  PARSONS  : 

Or,  have  the  Clergy  of  the  Established  Church  an  Equitable  Right  to 
Tithes  and  Church  Property  ?    Fcap.  8vo.    Cloth,  1/6.    New  Edition. 

'•The  most  powerful  work  of  the  greatest  master  of  political  controversy  this  country 
has  ever  produced." — Pall  Mall  Gazette. 


:OBBETT    (Miss  Anne)  :     THE  ENGLISH 

HOUSEKEEPER  ;  or,  Manual  of  Domestic  iVTanagement.  Containing 
Advice  on  the  conduct  of  Household  Affairs  and  Practical  Instructions, 
intended  for  the  Use  of  Young  Ladies  who  undertake  the  superintendence 
of  their  own  Housekeeping.    Fcap.  8vo.    Cloth,  3/6. 

:OOK'S     VOYAGES.     VOYAGES  ROUND 

THPL  WORLD,  by  Captain  CoOK.  Illustrated  with  Maps  and  numerous 
Elngravings.    Two  vols.    Super-Royal  8vo.    Cloth,  30/. 

)ALGAIRNS  (Mrs.):    THE    PRACTICE  OF 

COOKERY,  adapted  to  the  business  of  Everj'-day  Life.  By  Mrs. 
Dalgaikns.  The  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes 
have  been  added  to  the  present  Edition,  but  only  such  as  the  Author 
has  had  adequate  means  of  ascertaining  to  be  valuable.  Fcap.  Svo. 
Cloth,  3/6.    Sixteenth  Edition. 

"This  is  by  far  the  most  complete  and  truly  practical  work  which  has  yet  appeared 
on  the  subject.  It  will  be  found  an  infallible  'Cook's  Companion,'  and  a  treasure  of 
great  price  to  the  mistress  of  a  family." — Edinburgh  Literary  Joumal. 

"  W'e  consider  we  have  reason  strongly  to  recommend  Mrs.  Dalgairns'  as  an  economi- 
cal, useful,  and  practic.-il  system  of  cookery,  adapted  to  the  wants  of  all  families,  from 
the  tradesman's  to  the  country  gentleman'.s-." — Spectator. 
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CEARLES   GIIIFFIN  COMPANY'ki 


D'AUBIGNE  (Dr.  Merle :  HISTORY  OF  THE 

REFORMATION.  With  the  Author's  latest  additions  and  a  new- 
Preface.  Many  Woodcuts,  and  Twelve  Eng^ravings  on  Steel,  illustrative 
of  the  life  of  Martin  Luther,  after  Labouchere.  In  one  large 
volume,  demy  4to.    Elegantly  bound  in  cloth,  21/-. 

"  In  this  edition  the  principal  actors  and  scenes  in  the  great  drama  ot  the  Sixteenth 
Century  are  brought  vividly  before  the  ej'e  of  the  reader,  by  the  skill  of  the  artist  and 
Engraver. 

DONALDSON  (Joseph,  Sergeant  in  the  94th  Scots 

Regiment)  : 

RECOLLECTIONS  OF  THE  EVENTFUL  LIFE  OF  A 
SOLDIER  IN  THE  PENINSULA.  Fcap.  8vo.  Cloth,  3/6 ;  gilt 
sides  and  edges,  4/-.    New  Edition. 

EARTH    DELINEATED    WITH    PEN  AND 

PENCIL  (The):  an  Illustrated  Record  of  A^oyages,  Travels,  and  Ad- 
ventures all  round  the  World.  Illustrated  with  more  than  two  Hundred 
Engravings  in  the  first  style  of  Art,  by  the  most  eminent  Artists,  including 
several  from  the  master-pencil  of  GusT.^VE  DOKil  Demj'4to,  750  pages. 
Very  handsomely  bound,  21/-. 


MRS.  ELLIS'S  CELEBRATED  WORKS 
On  the  InflueiNCE  and  Character  of  Women. 

THE    ENGLISHWOMAN  S  LIBRARY: 

A  Series  of  Moral  and  Descriptive  Works.  By  Mrs.  ELLIS.  Small 
Svo,  cloth,  each  volume,  2,6. 

1.  — THE   WOMEN  OF  ENGLAND:    Their  Social  Duties  and 

Domestic   Habits.     Thirty-ninth  Thousand. 

2.  — THE   DAUGHTERS   OF   ENGLAND :   Their  Position  in 

Society,  Character,  and  Responsibilities.    Twentieth  'Thousand. 

3.  — THE    WIVES    OF    ENGLAND:    Their    Relative  Duties, 

Domestic  Influence,  and  Social  Obligations.  Eighteenth  Thou- 
sand. 

4.  — THE  MOTHERS  OF  ENGLAND  :  Their  Influence  and  Re- 

sponsibilities.     Txventieth  Thousand. 

5.  _FAMILY    SECRETS;    Or,  Hints  to  make   Home  Ilajipy. 

Three  vols.      Twen1\-third  Thousand. 

6.  — SUMMER  AND  WINTER  IN  THE  PYRENEES.  Tenth 

Thousand. 

7.  _.TEMPER     AND     TEMPERAMENT  ;    Or,    Varieties  of 

Character.     Two  vols.     Tenth  Thousand. 

8.  — PREVENTION  BETTER  THAN  CURE;  Or,  The  Moral 

Wants  of  the  World  we  live  in.    Twelfth  Thomand. 

9.  — HEARTS   AND    HOMES ;  Or,  Social    Distinctions.  Three 

\ols.    Tenth  Thousand. 
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THE  EMERALD  SERIES  OE 
STANDARD  AUTHORS. 

istrated  by  Engravings  on  Steel,  after  Stotharp,  Leslie,  D.W'in 
RoRERTs,  Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c'. 
Fcap.  8vo.    Clotfi  gilt. 

"  Particular  attention  is  requested  to  this  very  beautiful  series.  The  delicacy  of 
the  engravings,  the  excellence  of  the  typography,  and  the  quaint  antique  head  and 
tail  pieces,  render  them  the  most  beautiful  volumes  ever  issued  from  the  press  of  this 
country,  and  now,  uncjuestionably,  the  cheapest  of  their  class. 

URNS'  '(Robert)    SONGS    AND  BALLADS. 

With  an  Introduction  on  the  Character  and  Genius  of  Burns.  By 
Thomas  C.ARLVLE.  Carefully  printed  in  antique  type,  and  illustrated 
with  Portrait  and  beautiful  Engravings  on  Steel.  Cloth,  gilt  edges,  3/-  ; 
malachite,  10/6.    Second  Thousand. 

i'RON   (Lord);    CHILDE    HAROLD'S  PIL- 

GRL\L\GE.  With  Memoir  by  Professor  SrALDiNG.  Illustrated  with 
Portrait  and  Engravings  on  Steel,  by  Gre.VFBACH,  Miller,  Lightfoot, 
&c.,  from  Paintings  by  C.ATTERMOLE,  Sir  T.  LAWRENCE,  H.  HOWARD, 
and  Stothard.  Beautifully  printed  on  toned  paper.  Cloth,  gilt  edges, 
3;  ;  malachite,  10/6.     Third  Thousand. 

AMPBELL    (Thomas)  :     THE  PLEASURES 

f)I'"  HOPE.  With  Introductory  Memoir  by  the  Re\-.  Ch.A-RLES  Rogers, 
LL.D.,  and  several  Poems  never  before  published.  Illustrated  with  Por- 
trait and  Steel  Engra\-ings.  Cloth,  gilt  edges,  3/-  ;  malachite,  10/6. 
Second  ThoiLsand. 

HATTERTON'S     (Thomas)  POETICAL 

WORKS.    With  an  Original  Memoir  by  Frederick  Martin,  and 
Portrait.    Beautifully  illustrated  on  Steel,  and  elegantly  printed.  Cloth,, 
gilt  edges,  3/-  ;  malachite,  10/6.    Fourth  Thousand. 

OLDSMITH'S  (OUver)  POETICAL  WORKS. 

With  Memoir  liy  Professor  Sr.A.LDING.  l^.xtiuisilely  illustrated  with  Steel 
Engravings.  Printed  on  superior  toned  ])a|)er.  Cloth,  gilt  edges,  3/-  ; 
malachite,  10/6.    New  Edition.    Seventh  Thousand. 

RAY'S  (Thomas)  POETICAL  WORKS.  Wltli 

Life  by  the  Rev.  John  Mitford,  and  I^ssay  by  the  IvAKL  of  CARLISLE. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Elcgantl\- 
printed  on  tonetl  paper.  Cloth,  gilt  edges,  S/-  ;  malachite,  12/G.  Eton 
Edition.^  with  the  Latin  Poeiw;.    Si.xth  7'housaiid. 

[ERBERT'S    (George)    POETICAL  WORKS. 

With  Memoir  by  J.  NlCHnL,  B.A.,  O.xon.,  Prof,  of  I'jiglish  Literature  in 
the  (Jniversity  of  Glasgow.  Edited  by  Charles  Cowden  Clakki:. 
Antirpie  heatlings  to  each  page.  Cloth,  gilt  edges,  3/-  ;  malachite,  10/6. 
Second  Thousand. 
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The  Emerald  S'E.mTis—( continued) . 

KEBLE  (Rev.  John)  :  THE  CHRISTIAN  YEAR. 

With  Memoir  by  VV.  Temple,  Portrait,  and  Eight  beatitiful  Engravings 
on  Steel.  Cloth,  gilt  edges,  5/-  ;  morocco  elegant,  10/6  ;  malachite,  12/6. 
Second  Thousand. 

POE"S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.  Edited,  with  IVIemoir,  by  James  Hannav.  Full-page  Illus- 
trations after  Wehnert,  Wetr,  &c.  Toned  paper.  Cloth,  gilt  edges, 
3/-  ;  malachite,  10/6.     Thirteenth  Thousand 

Other  volumes  in  prepaj-ation. 


FINDEN'S   FINE   ART  WORKS. 


BEAUTIES    OF    MOORE  :     being  a  Series  of 

Portraits  of  his  Principal  Female  Characters,  from  Paintings  by  eminent 
Artists,  engraved  in  the  highest  style  of  Art  by  EDWARD  FiNDEN,  with 
a  Memoir  of  the  Poet,  and  Descriptive  Letter-press.  F"olio.  Cloth  gilt, 
and  gilt  edges,  42/-. 

DRAWING-ROOM   TABLE    BOOK  (The):  a 

Series  of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by 
Mrs.  S.  C  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and 
gilt  edges,  21-/. 

GALLERY  OF  MODERN  ART  (The)  :  a  Series 

of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  b}'  Mrs. 
S.  C.  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gih,  and  gilt 
edges,  21/-. 


FISHER'S   READY    RECKONER.    The  best  in 

the  World.    iSmo.    Bound,  1/6.    Nczu  Edition. 

GILMER'S   INTEREST    TABLES:     Tables  for 

Calculation  _"of  Interest,  on  any  sum,  for  any  number  of  days,  at  i,  I, 
lii  2,  2A,  3,  3I  4,  4i,  5  and  6  per  Cent.  By  ROBERT  GiLMER. 
Corrected  and  enlarged.    i2mo.    Roan  lettered,  5/-.    Suxth  Edition. 

GOLDSMITH'S   (Oliver)  COMPLETE  POETI- 

CAL  WORKS.  With  a  Memoir  by  WILLIAM  SrALDING,  A.M.,  Pro- 
fessor of  Logic  and  Riietoric  in  the  University  of  St.  Andrew's.  Portrait 
and  numerous  Illustrations  on  Steel  and  \Vood.  F"cap.  4to.  Most 
elaborately  gilt,  cloth,  5/-. 


rRAEME  (Elliott):    BEETHOVEN:  a  Memoir. 

With  Portrait,  Essay  (Quasi  Fantasia)  "  on  the  Hundredth  Anniversary 
of  his  Birth,"  and  Remarl<s  on  the  Pianoforte  Sonatas,  with  Hints  to 
Students,  by  Dr.  FERDINAND  HiLLER,  of  Colog:ne.  Crown  8vo.  Cloth 
gilt,  elegant,  5/-    Second  Edition,  slightly  enlarged. 

"  This  elegant  and  interesting  Memoir  The  newest,  prettiest,  and  most  readable 

sketch  of  the  immortal  Master  of  Music." — Mustrat  Standard. 

"A  gracious  and  pleasant  Memorial  of  the  Centenary." — Sfcctator. 

"This  delightful  little  book— concise,  sympathetic,  \^&z\o\x^.  "  —Alanclicstfr E.vaini- 
ncr. 

"  We  can,  without  reservation,  recommend  it  as  the  most  trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England." — Otsfiiu'r. 

".A  most  readable  volume,  which  ought  to  lind  a  place  in  the  library  of  every 
admirer  of  the  great  lone-Poet." — Ediiunirgli  Daily  Rcvictu. 

RAEME  (Elliott):    A  NOVEL  W^ITH  TWO 

PIEROES.    In  2  vols.,  post  8vo.    Cloth,  21/-.    Second  Editioii. 
"A  decided  literary  success." — Athenanun. 

"Clever  and  amusing  above  the  avei-age  even  of  good  novels  free  from 

sensationalism,  but  full  of  interest  touches  the  deeper  chords  of  life  deline- 
ation of  character  remai"kably  good/' — Spectator. 

*'  Superior  in  all  respects  to  the  common  lain  of  novels." — Daily  Ncivs. 

"A  story  of  deep  interest  The  dramatic  scenes  are  poweriul  almost  to  pain- 
fulness  in  their  intensity." — Scotsman. 

[OGARTH :  The  Works  of  William  Hogarth,  in 

a  Series  of  One  Hundred  and  Fifty  Steel  Engravings  by  the  First 
Artists,  with  descriptive  Letterpress  by  the  Rev.  John  Trusler,  and 
Introductory  Essay  on  the  Genius  ot  Hogarth,  by  jAMES  Hannay. 
Folio.    Cloth,  gilt  edges,  52/6. 

"The  Philosopher  who  ever  preached  the  sturdy  English  virtues  which  have  made 
us  v/hat  we  are.  ' 

NIGHT   (Charles)  :    PICTORIAL  GALLERY 

(The)  OF  THE  USEFUL  AND  FL\E  ARTS.  Illustrated  by  nu- 
merous beautiful  Steel  lingravings,  and  nearly  Four  Thousand  Wood- 
cuts.    Two  \ols.,  folio.    Cloth  gilt,  and  gilt  edges,  42/-. 

NIGHT    (Charles):     PICTORIAL  MUSEUM 

(THE)  OF  ANIMATED  NATURE.  Illustrated  with  Four  Thousand 
Woodcuts.    Two  vols,  folio.    Cloth  gilt,  and  gilt  edges,  35/-. 

lACKEY'S  FREEMASONRY: 

A  LEXICON  OF  FREEMASONRY.  Containing  a  Definition  of 
its  Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Anti- 
(|uities,  and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient 
World.  By  Al.HEKT  G.  M.\CKKV,  M.D.,  Secretary-General  of  the 
Supreme  Cotincil  of  the  U.S.,  &c.  Handsomely  bound  in  cloth,  5/- 
Sixlh  Edition. 

"Of  Mackf.v's  Le.vicon  it  would  be  impossible  to  speak  in  loo  liigh  terms;  suffice 
it  to  say,  that,  in  our  opinion,  it  ought  to  tie  in  the  hands  of  every  Mason  who  would 

thoroughly  understand  and  master  our  noble  Science  No  iMasonic  Lodse  or 

IJbrary  should  be  without  a  copy  of  this  most  useful  work." — Masonic  k'ms. 
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HENRY  MAYHEW'S  CELEBRATED  WORK 
ON  THE  STREET-FOLK  OF  LONDON. 

LONDON    LABOUR    AND    THE  LONDON 

POOR  :  A  Cyclopit'dia  of  the  Condition  and  Earnings  of  those  that 
will  'work  and  those  that  cannot  work.  By  Henrv  Mavhew.  With 
many  full-page  Illustrations  from  Photographs.  In  three  vols.  Demy 
8vo.    Cloth,  4/6  each. 

"  Every  page  of  the  work  is  full  of  valu.ible  Information,  laid  down  in  so  interesting 
a  manner  that  the  reader  can  never  tire." — Illustrated  London  /Yems. 

"Mr.  Henry  Mayhew's  famous  record  of  the  habits,  earnings,  and  sufferings  of  the 
London  poor." — Lloyd s  Weehly  London  Neivspnpcr. 

"  'I'his  remarkable  book,  in  which  Mr.  Mayhew  gave  the  better  classes  their  first 
real  insight  into  the  habits,  modes  of  livelihood,  and  current  of  thought  of  the  London 
poor." — 'J'/w  Patriot, 

The  Extra  Volume. 

LONDON    LABOUR    AND    THE  LONDON 

POOR  :  Those  that  will  Jiot  work.  Comprising  the  Non-workers, 
by  Henry  Mayhew  ;  Prostitutes,  by  I3racebridge  Hemyng  ; 
Thieves,  by  JOHN  BiNNY ;  Beggars  bv  ANrJRE^V  Hallidav.  With 
an  Introductory  Essay  on  the  Agencies  at  Present  in  Operation 
in  the  Metropolis  for  the  Suppression  of  Crime  and  \'ice,  by  the  Rev. 
WiLLTAM  TuCKXiss,  B.A.,  Chaplain  to  the  Society  for  the  Rescue  of 
Young  Women  and  Children.  With  Illustrations  of  Scenes  and  Locali- 
ties.   In  one  large  \o\.    Royal  8\  o.    Cloth,  io/5. 

"The  work  is  full  of  interesting  matter  for  the  casual  reader,  while  the  phikaa- 
thropist  and  the  philosoplier  will  find  details  of  the  greatest  import." — City  Press. 

Companion  volume  to  the  above. 

THE    CRIMINAL    PRISONS    OF  LONDON 

and  Scenes  of  Prison  Life.  By  Henky  Mayhew  and  John  Binnv.  Illus- 
trated by  nearly  two  hundred  Engravings  on  Wood,  principally  from 
Photographs.    In  one  large  vol.    Imperial  8vo.    Cloth,  10/6. 

Contents  : — General  X'iew  of  London,  its  Population,  Size  and 
Contrasts — Professional  London — Criminal  London — Pentonville  Prison 
— The  Hulks  at  Woolwich — Millbank  Prison — The  Middlese.x  House  of 
Detention — Coldbath  Fields — The  Middlesex  House  of  Correction,  Tot- 
hill  Fields — -The  Surrej-  House  of  Correction,  Wandsworth — Newgate 
— Horsemonger  Lane — Clerkenwell. 

"This  volume  concludes  l\Ir.  Henry  M.Tyhew's  account  of  his  researches  into  the 
crime  and  poverty  of  London.  The  amount  of  labour  of  one  kind  or  other,  which  the 
whole  series  of  his  publications  represents,  is  something  almost  incalculable." — Literary 
Budget. 

^  I'his  celebrated  Record  of'  I  n\'csligations  into  the  condition  of  the  Poor  of  the 
"Metropolis,  undertaken  from  philanthropic  motives  by  Mr.  Hknkv  M .wiuav,  first  gave  the 
wealthier  classes  of  England  some  idea  of  the  stale  of  Heathenism,  Degradation,  and  JSIisery" 
in  which  nudtiludi-s  of  their  poorer  lirelhren  languished.  His  revelations  created,  at  the 
lime  of  their  .'ipjiearance,  universal  horror  :wk1  excitement — th.'it  :i  nation,  professedly 
Cliristian,  shoidd  have  in  its  midst  a  vast  population,  so  sunk  in  ignorance,  vice,  and  very 
hatred  of  Religion,  was  deemed  incredible,  until  further  examin.ation  established  the  truth 
of  the  stalenients  advanced.  The  result  is  well  known.  The  London  of  Mr.  ^L■\vnHW  will, 
happily,  soon  exist  only  in  his  jiages.  'I'o  tho'ie  who  would  appreciate  the  efforts  already 
made  among  ibe  ranks  which  recruit  our  "tiangerous"  classes,  and  who  would  learn  what 
yet  remains  to  be  done,  the  work  will  afford  enlightennient,  not  unmingled  with  surprise. 


MILLER    (Thomas,  Author  of  "Pleasures  of  a 

Country  Life,"  &c.)  : 

THE  LANGUAGE  OF  FLOWERS.  With  Eight  beautifully- 
coloured  Floral  Plates.  Fcap.  Svo.  Cloth,  gilt  edges,  3/6.  Fourteenth 
Thousand. 

"  A  book 

In  which  thou  wilt  find  many  a  lovely  saying 
About  the  leaves  and  flowers." — Keat.s. 

MILLER  (Thomas)  :    THE   LANGUAGE  OF 

FLOWERS.  Abridged  from  the  larger  work  by  Thom.as  Miller. 
With  coloured  Frontispiece.    Limp  cloth,  6d.    Cheap  Edition. 

POE'S  (Edgar  Allan)  :    COMPLETE  POETICAL 

WORKS.  Edited,  with  .Memoir,  by  JAMES  FL^NW.w.  Full-page  Illus- 
trations after  Wehnekt,  AVeir,  and  others.  In  paper  wrapper, 
Illustrated,  1/6. 


SHAKSPEARE:  THE  FAMILY.    The  Dramatic 

Works  of  WILLIA]iI  SHAKSPEARE,  edited  and  expressly  adapted 
for  Home  and  School  Use.  By  THO.^L\S  BoWDLER,  F.R.S.  With 
Twelve  beautiful  Illustrations  on  Steel.  Crown  Svo.  Cloth,  gilt,  10/6  ; 
morocco  antique,  17/6.    New  Edition. 

*^*  This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use  ;  while  objectionahle phrases  have  been  expurgated,  no  rash  liberties 
haiie  been  taken  zvith  the  text. 

*'It  is  quite  undeniable  that  there  are  many  passages  in  Shakespeare  which  a 
father  could  not  read  aloud  to  his  children — a  brother  to  his  sister — or  a  gentleman  to 
a  lady  ;  and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness, 

and  even  distress,  that  arises  from  suddenly  stumbling  upon  such  e.vpressions  

'J'hose  who  recollect  such  scenes  must  all  rejoice  that  Mr.  lioWDLER  has  provided  a 

security  against  their  recurrence  This  purification  has  been  accomplished  with 

surprisingly  little  loss,  either  of  weight  or  value  ;  the  base  alloy  in  the  pure  metal  of 

Shakspeare  has  been  found  to  amount  to  an  inconceivably  snuill  proportion  

Jt  has  in  general  been  foimd  easy  to  extirpate  the  offensive  expressions  of  our  great 
poet  without  any  injury  to  the  context,  or  any  visible  scar  or  blank  in  the  composition. 
'J'hey  turn  out  to  be  not  so  much  cankers  in  the  flowers,  as  weeds  that  have  sprimg 
up  by  their  side — not  flaws  in  the  metal,  but  impurities  that  have  gathered  on  its 
surface — and,  so  far  from  being  missed,  on  their  removal  the  work  gener.nlly  ajjpears 
more  natural  and  harmonious  without  them." — Lcrd  Ji'ffrey  in  ilic  "  ]idiid>:irgli 
Review.'' 

SHAKSPEARE'S   DRAMATIC    &  POETICAL 

WORKS.  Revised  from  the  Original  Editions,  with  a  Memoir  and 
Pissay  on  his  Genius  by  Barry  CORNW  ALL  ;  and  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  IIORN)!:,  afid  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  full-|)age  Steel 
lingravings  by  Klc.VNV  MEADOWS.  Three  vols.,  super-royal  Svo.  Cloth 
gilt,  42/-.    Tenth  Edition. 

SHAKSPEARE'S   WORKS.     Edited   by  T.  O. 

I  lAl.LlWKi.L,  I''.R.S.,  F.S.A.  Willi  Historical  Introductions,  Notes, 
l^xplanatory  and  Critical,  and  a  Serie;  of  Portraits  on  Steel.  Three 
vols.,  royal  Svo.    Cloth  gilt,  50,'-. 
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MR.    SOUTHQATE'S  WORKS. 


"  No  one  who  is  in  the  habit  of  witing  and  speaking  much  on  a  variety  of  subjects, 
can  afford  to  dispense  with  Mr.  Southgate's  Works." — Glasgow  News. 

FIRST  SERIES— THIRTY-FIRST  EDITION. 
SECOND  SERIES— SEVENTH  EDITION. 

Many  Thoughts  of  Many  Minds, 

Selections  and  Quotations  from  the  best  Authors.    Compiled  and 
Analytically  Arranged  by 

HENRY  SOUTHGATE, 

In  square  8vo.,  elegantly  printed  on  Toned  Paper. 

Cloth  and  Gold  -     12/6  each  Vol. 

Library  Edition,  Roxburghe         -       -       -      14/-  „ 
Ditto,  Morocco  Antique        -       -       -       -     21/-  „ 
Each  Series  complete  in  itself,  and  sold  separately. 
**The  produce  of  years  of  research." — Kxajniner. 

"A  MAGNIFICENT  GIFT-BOOK,  appropriate  to  all  times  ana  seasons." — Freemasons' 
Magazine. 

"Not  so  much  a  book  as  a  library." — Patriot. 

"  Preachers  and  Public  Speakers  will  find  that  the  work  has  special  uses  for 
— Edinlnirgk  Daily  Iteview. 


BY    THE    SAME  AUTHOR. 


Now  Ready,  SECOND  EDITION, 

SUGGESTIVE  THOUGHTS  ON  RELIGIOUS  SUBJECTS; 

A  Dictionary  of  (Quotations  and  Selected  Passages  from  nearly  1,000  of 
the  best  Writers,  Ancient  and  Modern. 
For  the  Use  of  the  Clergy  and  Other.s. 
Compiled  and  Analytically  Arranged  by  HENRY  SOUTHG.ATE.  In 
Square  8vo.    Cloth  Elegant,  10/6;  Library  Edition,  half  Ro.xburghe,  12/-; 

Morocco  Antique,  20/-. 

"The  topics  treated  of  are  as  wide  as  our  Christianity  itself;  the  writers  quoted  from, 
of  every  Section  of  the  one  Catholic  Church  of  JESUS  CHRIST." — Aulliors  Preface. 

"This  is  another  of  Mr.  Southgate's  most  v.iiuable  volumes  .  .  .  The  mission 
which  the  Author  is  so  .successfully  prosecuting  in  literature  is  not  only  highly  beneficial, 
but  necessary  in  this  age  ...  If  men  are  to  make  any  acquaintance  at  all  with  the 
great  minds  of  the  world,  they  can  only  do  so  with  the  means  which  our  Author  supplies." 
— Horn  Hist. 

"A  casket  of  gems." — English  Churchmati. 

"Mr.  Southgate's  work  has  been  compiled  with  a  great  de.-il  of  judgment,  and  it  will, 
I  trust,  be  extensively  useful." — Re-J.  Canon  Liddon,  D  V.,  D.C.L. 

"Many  a  busy  Christian  te.icher  will  be  thankful  to  Mr.  Southgate  for  having  un- 
earthed so  many  rich  gems  of  thought ;  while  many  outside  the  ministerial  circle  will  obtain 
stimulus,  encouragement,  consolation,  and  counsel  within  the  pages  of  this  handsome 
volume." — Nonc:mforntist. 

"The  special  value  of  this  most  admirable  compilation  is  discovered,  when  attention 
is  concentrated  on  a  particular  subject,  or  series  of  subjects,  a.s  illustrated  by  the  v.arious 

:md  often  brillianl  lights  shed  by  passages  selected  from  the  best  authors  in  all  ages  

A  most  valuable  book  of  reference." — Edinburgh  Daily  Rniew. 


THE   SHILLING  MANUALS. 

By  JOHN  TIMES,  F.S.A., 

Author  of  "  The  Curiosities  of  London,"  &c. 

A  Series  of  Hand-Books,  containing  Facts  and  Anecdotes  interesting  to 
all  Readers.    Fcap.  8vo.    Neat  cloth,  one  shilling  each.    Second  Edition. 


I.— CHARACTERISTICS  OF  EMINENT  MEN.    By  John  Timbs. 
Bound  in  neat  cloth,  price  i/- 
II.— CURIOSITIES  OF  ANIMAL  AND   VEGETABLE  LIFE.  By 

John  Timrs.    Neat  cloth,  price  i/-. 
III.— ODDITIES   OF  HISTORY  AND  STRANGE  STORIES  FOR 
ALL  CLASSES.    Selected  and  compiled  by  John  Timbs.    Neat  cloth, 
price  i/-. 

IV.-ONE  THOUSAND  DOMESTIC  HINTS  on  the  Choice  of  Pro- 
visions, Cookery,  and  Housekeeping  ;  new  Inventions  and  Improve- 
ments ;  and  various  branches  of  Household  Management.  Written 
and  compiled  by  John  Timbs.    Neat  cloth,  price  i/-. 

v.— POPULAR  SCIENCE:  Recent  Researches  on  the  Sun,  Moon,  Stars, 
and  Meteors  ;  The  Earth  ;  Phenv  mena  of  Life,  Sight,  and  Sound  ;  In- 
ventions and  Discoveries.  Written  and  compiled  by  John  Timbs.  Neat 
cloth,  price  i/-. 

VI.— THOUGHTS  FOR  TIMES  AND  SEASONS.  Selected  and  com- 
piled by  John  Timbs.    Neat  cloth,  price  i/-. 

"  It  is  difficult  to  determine  wfiich  of  these  volumes  is  the  most  attractive.  Will 
be  found  equally  enjoyable  on  a  railway  journey,  or  by  the  fireside." — Mining  Joiirna/ 

"These  additions  to  the  Library,  produced  by  Sir.  Timbs'  industry  and  aljility, 
are  useful,  and  in  his  pages  many  a  hint  and  suggestion,  and  many  a  fact  of  import- 
ance is  stored  up  that  would  otherwise  have  been  lost  to  the  public." — Builder. 

"Capital  little  books  of  about  a  hundred  pages  each,  wherein  the  indefatigable 
Author  is  seen  at  his  best." — Mechanic  s  Magazine. 

"  Kxtremely  interesting  volumes." — Evening  Stantlarii. 

"Amusing,  instructive,  and  interesting  As  food  for  thought  and  pleasant 

reading,  we  can  heartily  recommend  the  '  Shilling  Manuals.' " — Biriningliani  Daily 
Gazette. 


riMBS  (John,  F.S.A.)  :      PLEASANT  HALF- 

HOURS  FOR  TFIE  FAMILY  CIRCLE.  Containing  Popular  Science, 
One  Thousand  Domestic  Hints,  Thoughts  for  Times  and  Seasons, 
Oddities  of  History,  and  Characteristics  of  Great  Men.  Fcap.  8vo 
Cloth  gilt,  and  gilt  edges,  5/-.    Seu-nd  Edition. 

"Contains  a  wealth  of  useful  reading  of  the  greatest  possible  variety." — Plymouth 
Mercury. 

•PANDERINGS    IN    EVERY    CLIME  :  Or, 

X'oyages,  Travels  and  Adventures  All  Round  the  World.  Edited  by 
W.  F.  AiNSWORTH,  F.R.G.S.,  F.S.A.,  &c.,  and  embellished  with  up- 
wards of  Two  Hundred  Illustrations  by  the  first  Artists,  including 
several  from  the  master-pencil  of  GnsTAVE  DoKE.  Demy  410,  800 
pages.    Cloth  and  gold,  bevelled  boards,  21/-. 


THIRTIETH  THOUSAND. 


Large  8w,  Cloth^  with  150  Illustrations,  Zs.  dd. 

A  DICTIONARY  OF 

DOMESTIC  MEDICINE 

AND  HOUSEHOLD  SURGERY. 

BY 

SPENCER  THOMSON,  M.D.,  Edin.,  L.R.C.S. 

Thoroughly  revised  and  brought  down  to  the  present  state  of  Medical  Science. 
With  Appendix  on  the  MANAGEMENT  of  the  SICK-ROOM,  and  tuany 
Hints  for  the  DIET  and  COMFORT  of  INVALIDS. 

From  the  Author's  Prefatory  Address. 

"Without  entering  upon  that  difficult  ground  which  correct  professional 
knowledge,  and  educated  judgment,  can  alone  permit  to  be  safely  trodden,  there 
is  a  wide  and  extensive  field  for  exertion,  and  for  usefulness,  open  to  the 
unprofessional,  in  the  kindly  offices  of  a  true  DOMESTIC  MEDICINE,  the 
timely  help  and  solace  of  a  simple  HOUSEHOLD  SURGERY,  or  better  still, 
in  the  watchful  care  more  generally  known  as  "  SANITARY  PRECAUTION," 
which  tends  rather  to  preser\'e  health  than  to  cure  disease.  "The  touch  of  a 
gentle  hand"  will  not  be  less  gentle  because  guided  by  knowledge,  nor  will  the 
safe  domestic  remedies  be  less  anxiously  or  carefully  administered.  Life  may 
be  saved,  suffering  may  always  be  alleviated.  Even  to  the  resident  in  the 
midst  of  civilization,  the  "  KNOWLEDGE  IS  POWER,"  to  do  good  ;  to 
the  settler  and  emigrant  it  is  INVALUABLE. 

"  I  know  well  what  is  said  by  a  few,  about  injuring  the  medical  profession,  by 
making  the  public  their  own  doctors.  Nothing  will  be  so  likely  to  make  'long 
cases  '  as  for  the  public  to  attempt  any  such  folly ;  but  people  of  moderate 
means — who,  so  far  as  medical  attendance  is  concerned,  are  worse  off  than  the 
pauper — will  not  call  in  and  fee  their  medical  adviser  for  every  slight  matter,  and, 
in  the  absence  of  a  little  knowledge,  W/Zhave  recourse  to  the  prescribing  druggist, 
or  to  the  patent  quackery  which  flourishes  upon  ignorance,  and  upon  the 
mystery  with  which  some  would  invest  their  calling.  And  not  patent  quackery 
alone,  but  professional  quackery  also,  is  less  likely  to  find  footing  under  the 
roof  of  the  intelligent  man,  who,  to  common  sense  and  judsjment,  adds  a  little 
knowledge  of  the  whys  and  wherefores  of  the  treatment  of  himself  and  family. 
Against  that  knowledge  which  might  aid  a  sufferer  from  accident,  or  in  the 
emergency  of  sudden  illness,  no  humane  man  can  offer  or  receive  any  objection.' ' 

Notices  of  the  Press. 

"  The  BEST  and  S.\FEST  book  on  Domestic  Medicine  and  Household  Surgery  which 
has  yet  appeared." — London  youi'nal  0/  Alt'tiicint'. 

''Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful 
professional  knowledge." — Dublin  yoii7-nal  0/  Medical  Science. 

"The  best  production  of  the  kind  we  possets." — Christian  Witness. 

"The  amount  of  useful  knowledge  conveyed  in  this  work  is  surprising" — Medical  Times 
and  Guzette. 

•'Worth  its  weight  in  cold  to  families,  and  the  clergy." — Oxford  Herald. 
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